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ABSTRACT
T h is  s tu d y  was d e s ig n e d  to  i n v e s t i g a t e  th e  m e ta b o lic  changes 
in d u ce d  by  lo w -d o se  gamma r a d i a t i o n  (200 k ra d )  o f  Pseudomonas e r y t h r a  
i n  th e  p ro d u c t io n  o f t r im e th y la m in e . The p ro d u c ts  w h ich  p la y  an 
im p o r ta n t  r o l e  in  th e  p ro d u c t io n  o f  t r im e th y la m in e  a re :  amino a c id s ,
c h o l in e ,  e th a n o la m in e  and p y r id o x in e .  Q u a n t i t a t i v e  d e te r m in a t io n  o f  
th e s e  compounds w ere made a t  0 , 5 ,  10 , 15 and 20 days o f  in c u b a t io n .
The t r e a tm e n t  c o m b in a tio n s  u se d  i n  th e s e  d e te r m in a t io n s  w ere as 
fo llo w s :  n o n - i r r a d i a t e d  o y s te r s  ( c o n t r o l ) ,  i r r a d i a t e d  o y s te r s  a t  200 
k ra d  ( c o n t r o l ) ,  n o n - i r r a d i a t e d  o y s te r s  w i th  n o n - i r r a d i a t e d  o rg an ism , 
n o n - i r r a d i a t e d  o y s te r s  w i th  i r r a d i a t e d  o rg an ism  (200 k r a d ) ,  i r r a d i a t e d  
o y s te r s  w i th  i r r a d i a t e d  o rg an ism  and i r r a d i a t e d  o y s te r s  w i th  non­
i r r a d i a t e d  o rg a n ism .
The amino a c id s  o f  o y s te r  t i s s u e  w ere  a n a ly z e d  by  means o f  p a p e r 
c h ro m a to g ra p h y . The q u a n t i t a t i v e  e s t im a t io n  o f  th e s e  amino a c id s  w ere 
a l s o  d e te rm in e d  by  a  Beckman m odel 120C am ino a c id  a n a ly z e r .  The 
fo l lo w in g  amino a c id s  w ere i d e n t i f i e d :  m e th io n in e , l e u c i n e ,
i s o l e u c in e ,  t y r o s i n e ,  p h e n y la la n in e ,  g lu ta m ic  a c id ,  g ly c in e ,  v a l in e  
and a la n i n e .  C h o lin e  and e th a n o la m in e  c o n c e n t r a t io n s  w ere  found  t o  be 
h ig h e r  in  a l l  sam p les  a t  5 , 10 , 15 and 20 days o f  in c u b a t io n  th a n  th e y  
w ere  a t  z e ro  d a y s . H ig h e r c o n c e n t r a t io n s  o f  th e s e  compounds w ere  found 
i n  a l l  sam ples t h a t  w ere in o c u la te d  w i th  th e  i r r a d i a t e d  and non­
i r r a d i a t e d  o rg an ism s th a n  w ere found  in  th e  c o n t r o l .  S i g n i f i c a n t l y  
h ig h  c o n c e n t r a t io n s  o f  th e s e  compounds w ere  fo und  i n  sam p les in c u b a te d  
w i th  th e  n o n - i r r a d i a t e d  o rg an ism  th a n  w i th  th e  i r r a d i a t e d  o rg a n ism .
v i i i
The p y r id o x in e  c o n te n t  o f  o y s te r s  i r r a d i a t e d  a t  200 k ra d  was low  
com pared to  th e  n o n - i r r a d i a t e d  sa m p le s . I t s  c o n c e n t r a t io n  was found  
to  be  c o n s i s t e n t l y  low er i n  a l l  sam p les  in o c u la te d  w i th  th e  o rg an ism s 
a f t e r  5 , 10 , 15 and 20 days o f  in c u b a t io n  th a n  i t  was a t  z e ro  d a y s .
The p y r id o x in e  c o n te n t  o f  th e  o y s te r  hom ogenates w h ich  w ere in o c u la te d  
w i th  th e  i r r a d i a t e d  and n o n - i r r a d i a t e d  o rg an ism s w ere c o n s i s t e n t l y  
lo w er th a n  th e  c o n t r o l .  Sam ples t r e a t e d  w i th  th e  i r r a d i a t e d  o rg an ism  
had a  h ig h e r  c o n c e n t r a t io n  o f  p y r id o x in e  th a n  th o s e  in o c u la te d  w i th  
th e  i r r a d i a t e d  o rg a n ism .
INTRODUCTION
P r e s e r v a t io n  o f  fo o d s  in  t h e i r  n a t u r a l  s t a t e  f o r  e x te n d e d  
p e r io d s  o f  tim e  a f t e r  h a r v e s t  has b e e n  a  c o n t in u in g  g o a l o f  food  
s c ie n c e  r e s e a r c h .  T h is  h as  m ean t c o n t r o l  o f  th e  num erous v a r i a b l e s  
in v o lv e d  su c h  as  c o l o r ,  t e x t u r e ,  t a s t e ,  o d o r and n u t r i e n t  v a lu e s .  The 
b a s ic  m ethods f o r  th e  p r e s e r v a t io n  o f  fo o d s  su c h  as  r e f r i g e r a t i o n ,  
f r e e z i n g ,  c a n n in g , d ry in g  and r a d i a t i o n  a re  few . No s i n g l e  m ethod o f  
p r e s e r v a t io n ,  how ever, i s  u n i v e r s a l l y  a p p l i c a b l e  to  s e a fo o d , f o r  a l l  
m ethods have t e c h n i c a l  l i m i t a t i o n s .  R e f r i g e r a t i o n  a t  te m p e ra tu re s  j u s t  
above f r e e z in g  g iv e s  o n ly  l im i t e d  e x te n s io n  o f  s h e l l - l i f e .  F re e z in g  
i s  n o t  s u i t a b l e  f o r  a l l  s p e c ie s  o f  f i s h  o r  s h e l l f i s h ,  and in  f a c t  
c a u se s  e x te n s iv e  ch an g es  i n  th e  f l e s h .  H ea t s t e r i l i z a t i o n  a l t e r s  th e  
f l a v o r ,  o d o r ,  and t e x t u r e  o f  a l l  f r e s h  f o o d s .
T h e re  i s  c o n t in u in g  r e s e a r c h  f o r  new m ethods o f  p r e s e r v a t io n  
t h a t  w i l l  en h an ce  o r  a t  l e a s t  r e t a i n  th e  q u a l i t y  o f  s e a fo o d s  and e n a b le  
th e  consum er to  o b t a i n  p r e s e r v e d  p ro d u c ts  t h a t  a re  co m p arab le  i n  
f l a v o r  to  th e  f r e s h l y  c a u g h t p r o d u c t .  One o f  th e  m ost i n t e n s i v e l y  
s tu d i e d  m ethods has b e e n  r a d i a t i o n  p r e s e r v a t io n .  H igh l e v e l s  o f  
r a d i a t i o n  a r e  n o t  s u i t a b l e  f o r  a l l  s e a f o o d s ,  b e c a u se  o f  th e  o f f -  
f l a v o r s ,  and o f f - o d o r s  a re  im p a r te d  to  some p r o d u c t s .  How ever, low - 
l e v e l  r a d i a t i o n  p lu s  r e f r i g e r a t i o n  te m p e ra tu re s  (4 0 -4 5 °F ) shows 
p rom ise  o f  e x te n d in g  th e  s h e l f - l i f e  o f  s e a f o o d s . The u se  o f  th e s e  
lo w - le v e ls  o f t e n  g iv e s  r i s e  to  r a d i a t i o n  s u r v iv in g  b a c t e r i a .
I n v e s t i g a t i o n s  have shown t h a t  th e  optim um  ra n g e  o f  s u c c e s s f u l  
r a d i a t i o n  p r e s e r v a t io n  o f  G u lf  o y s te r s  i s  150 to  200 k i l o r a d  (k ra d )  o f
1
2gamma r a d i a t i o n .  Ten m ic ro o rg a n is m s , b e lo n g  to  th e  d i f f e r e n t  g e n e ra  
and s p e c ie s  w h ich  s u rv iv e  th e s e  lo w -d o se s  have b e e n  i s o l a t e d  from  
o y s te r s  and i d e n t i f i e d  ( 7 6 a ) . S tu d ie s  w i th  th e s e  o rg an ism s i n d i c a t e  
t h a t  r a d i a t i o n  a l t e r s  t h e i r  m e ta b o lic  p a t t e r n s ,  e s p e c i a l l y  in  th e  
a r e a  o f  p r o t e o l y t i c  a c t i v i t i e s .  The s tu d y  h e r e in  r e p o r t e d  was 
d e s ig n e d  to  t r a c e  th e  f i r s t  o b s e rv a b le  change i n  th e  b i o s y n t h e t i c  
pa thw ays o f  t r im e th y la m in e  (TMA) by  Pseudom onas e r y t h r a  when i t  was 
s u b je c te d  t o  lo w -d o se  r a d i a t i o n .  When i r r a d i a t e d ,  t h i s  o rg an ism  
p ro d u ce d  c o n s id e r a b ly  l e s s  TMA. th a n  when n o t  i r r a d i a t e d .
REVIEW OF LITERATURE
The s c i e n t i f i c  l i t e r a t u r e  on th e  e f f e c t s  o f  i o n iz in g  r a d i a t i o n  
i s  i n c r e a s in g  v e ry  r a p i d l y ,  and i t  has become a lm o s t an i m p o s s i b i l i t y  
f o r  any one i n v e s t i g a t o r  to  keep  a b r e a s t  o f  a l l  th e  new d i s c o v e r i e s ,  
d e v e lo p m e n ts , and f u tu r e  p o s s i b i l i t i e s  and a p p l i c a t i o n s  w i th in  t h i s  
im p o r ta n t  f i e l d .  E ven w i th in  th e  more l im i t e d  f i e l d  o f  i o n iz in g  
r a d i a t i o n s ,  t h e i r  e f f e c t s ,  and u t i l i z a t i o n  w i th  s p e c i a l  r e f e r e n c e  to  
fo o d , th e  l i t e r a t u r e  i s  a l r e a d y  enorm ous.
The D evelopm ent o f  R a d ia t io n  P r e s e r v a t io n  
S in c e  A p p e rt d e v is e d  a  p ro c e s s  f o r  c a n n in g  foods in  1875 , th e  
p r in c i p l e s  o f  fo o d  p r e s e r v a t io n  have u n d erg o n e  q u i t e  a  s i g n i f i c a n t  
c h a n g e . Many o f  th e  m ethods w h ich  e a r l y  man em ployed in  p r e s e r v a t io n  
o f  fo o d s  a re  s t i l l  i n  u se  to d a y , b u t  on a  com m ercial s c a l e  w i th  
h ig h ly  r e f i n e d ,  m ech an ized  t e c h n iq u e s .  Among th e s e  a r e  d ry in g ,  s a l t i n g ,  
sm oking , f e r m e n ta t io n ,  and c o o k in g . I n  some c a s e s ,  c e r t a i n  m ethods 
su c h  as sm oking , c u r i n g ,  and f e r m e n ta t io n  may b e  em ployed more to  
s a t i s f y  m an 's  a c q u ir e d  t a s t e  f o r  th e s e  ty p e s  o f  fo o d s  th a n  f o r  th e  
p u rp o se  o f  p r e s e r v a t i o n .  D e s p ite  t h e i r  w id e s p re a d  u s e ,  o u r  p r e s e n t  
m ethods o f  p r e s e r v a t io n  a l l  have t h e i r  s h o rtc o m in g s  and l i m i t a t i o n s .
The u se  o f  i o n iz in g  e n e rg y  i s  a n o th e r  a l t e r n a t i v e  i n  p r e s e r v in g  fo o d s .  
A lth o u g h  th e r e  a r e  d i f f e r e n t  c l a s s e s  o f  io n iz in g  e n e rg y , o n ly  b e t a  
and gamma ra y s  a r e  o f  i n t e r e s t  i n  fo o d  p r o c e s s in g .  A lpha p a r t i c l e s  
w h ich  a re  p o s i t i v e l y  c h a rg e d  h e liu m  n u c le i  o f  r e l a t i v e l y  la r g e  m ass , 
have no s i g n i f i c a n t  p e n e t r a t i n g  a b i l i t y .  N e u tro n s  a re  u n a c c e p ta b le
4b e c a u se  o f  t h e i r  a b i l i t y  to  c a u se  r a d i o a c t i v i t y  i n  th e  s u b s ta n c e s  w i th  
w h ich  th e y  r e a c t  ( 6 8 ) .
R oen tgen  d is c o v e re d  X -ra y s  i n  1895 , and in  1900 , V i la r d  
d is c o v e re d  th e  gamma r a y s .  The b i o l o g i c a l  e f f e c t s  o f  th e s e  ty p e s  o f  
r a d i a t i o n  s h o r t l y  becam e a p p a r e n t ,  some to  o u r r e g r e t  b e c a u s e  th e y  
r e s u l t e d  i n  i l l n e s s ,  and u l t i m a t e l y  d e a th  o f  some o f  th e  e a r l y  
p io n e e r s  b e f o r e  th e y  l e a r n e d  how to  u se  them .
The b e n e f i c i a l  e f f e c t s  o f  X -ra y s  and gamma r a y s  w ere im m e d ia te ly  
a p p a re n t ,  p a r t i c u l a r l y  i n  th e  t r e a tm e n t  o f  c a n c e r .  I t  was t h e o r iz e d  
i n  th e  e a r l y  p a r t  o f  th e  c e n tu r y ,  t h a t  io n iz in g  e n e rg y  c o u ld  be  u sed  
to  p re s e r v e  fo o d s  by  d e s t r o y in g  y e a s t s ,  m o ld s , i n s e c t s ,  p a r a s i t e s  o f  
an im al o r i g i n  and b a c t e r i a ,  w h ich  a r e  r e s p o n s ib le  f o r  fo o d  s p o i l a g e .  
H owever, r a d i o a c t i v e  i s o to p e s  and X -ra y s  w ere f a r  to o  e x p e n s iv e  in  
th o s e  d a y s . A f te r  W orld War I I  when a  s o u rc e  o f  r a d i a t i o n  was 
a v a i l a b l e  a t  a  r e a s o n a b le  c o s t ,  i n v e s t i g a t o r s  b e g a n  to  a p p ly  io n iz in g  
e n e rg y  to  fo o d  p r e s e r v a t i o n .  E a r ly  w ork was u n d e r ta k e n  by p io n e e r s  
su c h  as  W olfgang H u b er, p r o f e s s o r  Sam uel A. G o ld b l i t h  and th e  l a t e  
P r o fe s s o r  B e rn a rd  E . P r o c to r .
A lth o u g h  r e p o r t s  on th e  use  o f  r a d i a t i o n  to  d e s t r o y  m ic ro ­
o rg an ism s and i n s e c t s  w ere  found  in  th e  l i t e r a t u r e  e a r l y  i n  th e  
tw e n t i e th  c e n tu r y ,  i t  was n o t  u n t i l  th e  m id d le  1 9 5 0 's  t h a t  l a r g e  s c a l e  
e f f o r t s  w ere d i r e c t e d  to  e x p l o i t  r a d i a t i o n  as a  s t e r i l i z i n g  a g e n t f o r  
fo o d s .  P r o c to r  and G o ld b l i t h  (93 ) have fo c u s e d  much a t t e n t i o n  on 
io n iz in g  r a d i a t i o n s  a s  a  means o f  s t a b i l i z i n g  fo o d  a g a in s t  d e t e r i o r a ­
t i o n  due t o  b a c t e r i a l  a c t i o n .  Huber i n  New York (6 4 ) and  Dunn £ t  a l . 
(38 ) who showed t h a t  c a th o d e  r a y s  w ere l e t h a l  to  m ic ro o rg a n is m s , and 
o th e r s  i n  th e  l a t e  1 9 4 0 's p e rfo rm ed  th e  b a s i c  s tu d i e s  w h ich  a s s u r e d
5th e  t e c h n i c a l  f e a s i b i l i t y  o f  t h i s  a p p l i c a t i o n  o f  r a d i a t i o n .
I n  th e  l a t e  1 9 4 0 's  and th e  1 9 5 0 's ,  th e  Navy and th e  Atom ic 
E n e rg y  Com m ission s p o n s o re d  r e s e a r c h  on th e  a p p l i c a t i o n  o f  io n iz in g  
e n e rg y  to  food  p r e s e r v a t io n .  T hrough  th e  i n i t i a t i o n  and im a g in a t io n  
o f  R. H. G. S iu  in  1953 ( 1 1 4 ) ,  Army r e s e a r c h  on r a d i a t i o n  p r e s e r v a t io n  
o f  fo o d  commenced. P u b lic  Law 480* and th e  fo o d  f o r  p e ace  p rogram  
have s t im u la te d  th e  e f f o r t  to  u se  io n iz in g  e n e rg y  f o r  fo o d  p r e s e r v a ­
t i o n .  I n  1958, th e  F e d e ra l  Food Drug and C osm etic  A ct was amended and 
io n iz in g  e n e rg y  was l e g a l l y  d e f in e d  as a  fo o d  a d d i t iv e  (69 ) . D u ring  
th e  p e r io d  1953-1960 th e  Army Q u a r te rm a s te r  C orps s tu d i e d  s t e r i l i z a ­
t i o n  and p r e s e r v a t io n  o f  fo o d  i te m s ,  i n s e c t  d i s i n f e s t a t i o n  o f  g r a in s  
and i n h i b i t i o n  o f  s p r o u t in g  o f  t u b e r s .  I n t e r e s t  a ro s e  and  r e s e a r c h  
beg an  in  C anada, J a p a n , and E u ro p e , p a r t i c u l a r l y  in  G re a t  B r i t a i n ,
W est G erm any, and N e th e r la n d s ,  Sweden, Denmark and S o v ie t  R u s s ia .  I n  
c o l l a b o r a t i o n  w i th  Q u a r te rm a s te r  C orps th e  Army M ed ica l S e rv ic e  
la u n c h e d  d e t a i l e d  s tu d i e s  o f  th e  w holesom eness o f  food  i te m s  p r e s e r v e d  
by r a d i a t i o n .  U n t i l  1960 , th e  Army was th e  p rim a ry  f e d e r a l  agency  
c h a rg e d  w i th  th e  p u r s u i t  o f  t h i s  n a t i o n 's  i n t e r e s t  i n  th e  fo o d  a s p e c t s  
o f  th e  p e a c e f u l  u se  o f  a to m ic  e n e rg y . I n  1960, th e  U .S . Atom ic 
E n erg y  Com m ission (AEC) jo in e d  th e  Army i n  t h i s  w ork . The AEC has 
u n d e r ta k e n  a  r e s e a r c h  p rogram  o f  m ajo r i n t e r e s t  to  th e  e n t i r e  n a t i o n  
i n  w h ich  i t s  a c t i v i t i e s  a r e  d i r e c t e d  to  p ro lo n g in g  th e  s h e l f - l i f e  o f 
th e  p e r i s h a b le  ite m s  w i th  lo w -d o se  i r r a d i a t i o n .  T h is  e f f o r t  a c h ie v e s  
p a s t e u r i z a t i o n  o f  p ro d u c ts  s u c h  as  f r u i t s  and s e a  fo o d , d i s i n f e s t a ­
t i o n  o f  g r a i n s ,  and i n h i b i t i o n  o f  s p r o u t in g  i n  t u b e r s .
8 3 rd  C o n g re s s , 2nd S e s s io n  J u ly  1 0 , 1954 .
6A p p l ic a t io n  o f  io n iz in g  e n e rg y  (gamma r a d i a t i o n  from  c o b a l t  60) 
f o r  p r e s e r v in g  fo o d s  by  lo w -d o se  r a d i a t i o n  l e v e l s  (5 -1 5  k ra d )  has been  
s u c c e s s f u l  f o r  s e v e r a l  fo o d  c o m m o d itie s . P o ta to e s  ca n  be k e p t  w i th o u t  
lo s s e s  from  s p r o u t in g  when p r o p e r ly  s to r e d  from  one g row ing  s e a s o n  to  
th e  n e x t  ( 6 9 ) .  R a d ia t io n ,  w h ich  h as  a l s o  b e e n  s u c c e s s f u l l y  em ployed 
to  p r e v e n t  s p r o u t in g  o f  o n io n s  d u r in g  s t o r a g e ,  has b een  a p p ro v ed  by  
th e  C an ad ian  Food and  Drug D i r e c t o r a t e  f o r  t h i s  p u rp o se  ( 6 9 ) .
I o n iz in g  e n e rg y  has b e e n  u se d  to  r e t a r d  r ip e n in g  o f  b a n a n as  and 
to m a to e s  w i th  r e s u l t i n g  in c r e a s e  i n  s h e l f - l i f e  ( 6 9 ) .  I n s e c t  i n f e s t a ­
t i o n  o f  c e r e a l  g r a in s  and f l o u r  ca n  be p re v e n te d  o r  m in im ized  by 
t r e a t i n g  them  w i th  i o n i z in g  e n e rg y  ( 6 9 ) .  The U .S . Food and Drug 
A d m in is t r a t io n  (FDA) has ap p ro v ed  t h i s  t r e a tm e n t  (2 0 -5 0  k ra d )  f o r  
w h ea t and w h ea t f l o u r  ( 6 9 ) .  The r e f r i g e r a t e d  s h e l f - l i f e  o f  h ig h ly  
p e r i s h a b le  com m od ities  su c h  a s  f i s h  ca n  be  e x te n d e d  by  e x p o s in g  them  
t o  p a s t e u r i z in g  o r  s u b - s t e r i l i z i n g  d o se s  (1 0 0 -1 ,0 0 0  k ra d )  o f  i o n iz in g  
e n e rg y  by  o v e r  99% r e d u c t io n  o f  fo o d  s p o i l a g e  o rg a n is m s . I n  a d d i t i o n ,  
p a th o g e n s  s u c h  as  S a lm o n e lla e  in  p o u l t r y  ( in c lu d in g  e g g s )  and 
T r ic h in a e  in  po rk  c a n  b e  d e s t r o y e d  by  u se  o f  io n iz in g  e n e rg y  ( 7 0 ) .
P r o c to r  et _a l. (100) r e p o r t e d  t h a t  r a d i a t i o n  t r e a tm e n t  o f 
c e r t a i n  s e a - f o o d s  a t  s u b - s t e r i l i z a t i o n  d o se s  c a n  p ro v id e  a d v a n ta g e s  
f o r  th e  p r o d u c e r ,  p r o c e s s o r ,  d i s t r i b u t o r  and co n su m er, and 
recom m ended t h a t  a  co m p reh en siv e  s y n c h ro n iz e d  g o v e rn m e n t- in d u s try  
program  be  s t a r t e d  f o r  th e  d ev e lo p m en t o f  a  r a d i a t i o n  p a s t e u r i z a t i o n  
p ro c e s s  f o r  m arin e  p r o d u c t s .
S tu d ie s  w h ich  w ere  i n i t i a t e d  i n  1966 , a t  th e  T e c h n o lo g ic a l  
L a b o r a to r y ,  G lo u c e s te r ,  M a s s a c h u s e t ts  on a  l a r g e  num ber o f  s e a  fo o d s 
t o  d e te rm in e  p ro c e s s  r e q u ir e m e n ts  w h ic h  w ere  n e c e s s a ry  t o  p roduce
7h ig h ly  a c c e p ta b le  r a d i a t i o n  s t e r i l i z e d  s h e l f - s t a b l e  i te m s .  P ro c e s s  
v a r i a b l e s  in c lu d e d  enzyme i n a c t i v a t i o n  p r o c e d u r e s ,  u s in g  s e l e c t e d  
a d d i t i v e s ,  c o o l in g  m a t e r i a l s ,  and package  e n v iro n m e n t. A l l  p ro d u c ts  
w ere  gamma r a d i a t e d  w i th  c o b a l t  60 a t  do se  l e v e l s  o f  4 ,5 0 0  to  5 ,6 0 0  
k r a d .
R e s u l ts  o b ta in e d  i n  i r r a d i a t e d  f i s h  f i l l e t s ,  h a l i b u t  s te a k s  and 
s c a l l o p s  i n d i c a t e d  t h a t  th e s e  p ro d u c ts  a r e  n o t  am enable to  th e  p ro c e s s  
(4 ) b e c a u s e  o f  th e  e l e v a te d  te m p e ra tu re  r e q u i r e d  f o r  enzyme i n a c t i v a ­
t i o n  to  p r e v e n t  a u t o l y s i s .  The o r g a n o le p t i c  p a n e l i s t s  s c o re d  th e  
p ro d u c ts  a s  m a r g in a l ly  a c c e p ta b l e .  The p ro d u c ts  had  a  te n d e n c y  to  
f l a k e  and f a l l  a p a r t  d u r in g  th e  enzyme i n a c t i v a t i o n  p r o c e s s .
H e ilig m a n  e_t _al. (55) has done some work on th e  d eve lopm en t o f  r a d i a ­
t i o n  s t e r i l i z e d  c h ic k e n  p ro d u c t  t h a t  was a c c e p t a b l e .  The r e s u l t s  
o b ta in e d  from  t e c h n i c a l  p a n e ls  s u g g e s te d  t h a t  f u r t h e r  im provem ents a r e  
n e e d ed  b e f o r e  a  p ro d u c t  c a n  be  c o n s i s t e n t l y  c o m p arab le  w i th  th e  f r e s h  
c o n t r o l .
Novak and L iu z z o  (8 8 ) r e p o r t e d  t h a t  lo w -d o se  gamma r a d i a t i o n  
(200  k r a d )  e x te n d e d  th e  i c e d  s to r a g e  l i f e  o f  o y s te r s  f o r  t e n  d a y s . A t 
t h i s  dose  l e v e l  o r g a n o le p t i c  and c h e m ic a l t e s t s  w ere  c o n s i s t e n t l y  
b e t t e r  th a n  in  th e  n o n - i r r a d i a t e d  s a m p le s . Novak and L iu z z o  (89 ) 
r e p o r t e d  t h a t  lo w -d o se  i r r a d i a t i o n  o f  raw  sh rim p  w i th  c o b a l t  60 
e x te n d e d  t h e i r  i c e d  s to r a g e  l i f e  a t  l e a s t  10 days more th a n  t h a t  o f  
n o n - i r r a d i a t e d  sh rim p  from  th e  same c a t c h .  A r a d i a t i o n  dose o f  150 to  
200 k r a d  gave  maximum p r o t e c t i o n  w i th  no u n d e s i r a b le  c h e m ic a l o r  
p h y s ic a l  c h a n g e s . H ig h e r d o se s  r e s u l t e d  i n  o f f - f l a v o r s .  T e s ts  in  
w h ich  sh rim p  from  co m m erc ia l b o a ts  w ere  u se d  i n d i c a t e d  t h a t  l a r g e  
s c a l e  i r r a d i a t i o n  p a s t e u r i z a t i o n  i s  f e a s i b l e ,  e v e n  when th e  sh rim p  a re
8h e ld  i n  ic e  f o r  t h r e e  to  f o u r  days p r i o r  to  b e in g  i r r a d i a t e d .  I t  i s  
o f  p rim e im p o rta n c e  to  u se  sh rim p  o f  h ig h  i n i t i a l  q u a l i t y  f o r  
i r r a d i a t i o n .  Cooked sh rim p  t h a t  w ere  i r r a d i a t e d  and s to r e d  in  i c e  i n  
c o m p a riso n  w i th  i r r a d i a t e d  raw  sh rim p , r e t a in e d  t h e i r  q u a l i t y  f o r  a 
s i m i l a r  p e r io d .  The co o k ed  i r r a d i a t e d  sh rim p  l o s t  some o r i g i n a l  
f l a v o r  b u t  r e t a i n e d  t h e i r  o th e r  a t t r i b u t e s .
Dassow e t  _al. (33 ) have shown t h a t  some s p e c ie s  o f  f i s h  and 
s h e l l f i s h ,  p a r t i c u l a r l y  h ad d o ck , c la m s , f lo u n d e r  and sh rim p , c o u ld  be  
i r r a d i a t e d  m ore s u c c e s s f u l l y  th a n  o t h e r s .  P e t r a l e  s o le  f i l l e t s  w ere 
vacuum  packed  i n  c a n s ,  i r r a d i a t e d  a t  v a r io u s  d o ses  from  200 to  600 
k r a d ,  and s u b je c te d  to  s e n s o ry  e v a lu a t io n  a t  w eek ly  i n t e r v a l s  i n  o rd e r  
t o  d e te rm in e  th e  optim um  r a d i a t i o n  d o s e . F i l l e t s  i r r a d i a t e d  a t  200 to  
300 k ra d  had o n ly  a  minimum change i n  f l a v o r  and o d o r , and t h e i r  
s to r a g e  l i f e  a t  33°F was from  t h r e e  to  f i v e  t im e s  t h a t  o f  th e  non­
i r r a d i a t e d  c o n t r o l  s a m p le s . F i l l e t s  i r r a d i a t e d  a t  d o ses  above 300 
k ra d  had r a d i a t i o n  in d u c e d  f l a v o r s  and o d o rs  t h a t  w ere q u i t e  a p p a re n t  
to  th e  t r a i n e d  p a n e l  b u t  w ere n o t  s e r i o u s ly  o b j e c t io n a b l e .
One o f  th e  l i m i t i n g  f a c t o r s  i n  th e  s h e l f - l i f e  e x te n t io n  o f 
r a d i a t i o n  p a s te u r i z e d  p e t r a l e - s o l e  f i l l e t s  was th e  deve lopm en t o f  
o x id a t iv e  r a n c i d i t y .  T h is  r a n c i d i t y  was e f f e c t i v e l y  m in im ized  by 
e x c lu d in g  a i r  in  th e  package  d u r in g  i r r a d i a t i o n  o f  th e  f i l l e t s .
H a l ib u t  s te a k s  w ere  vacuum packed  i n  c a n s ,  i r r a d i a t e d  a t  200 , 
4 0 0 , and 600 k ra d  and s u b je c t e d  to  s e n s o ry  e v a lu a t io n  a f t e r  w eek ly  
i n t e r v a l s  o f  s to r a g e  a t  33 and 4 2 °F . The r e s u l t s  o f  th e  t e s t  
i n d i c a t e d  t h a t  th e  optim um  dose  was i n  th e  ra n g e  o f  200 to  400  k ra d  
( 8 1 ) .  The n o n - i r r a d i a t e d  sam p les  v a r i e d  c o n s id e r a b ly  i n  s to r a g e  l i f e  
from  l e s s  th a n  4 days t o  9 to  14 d a y s . I r r a d i a t i o n  a t  200 k ra d
9e x te n d e d  th e  s to r a g e  l i f e  from  4 to  6 w e e k s . I r r a d i a t i o n  a t  300 and 
400  k r a d  in c r e a s e d  th e  s to r a g e  l i f e  to  m ore th a n  6 w eek s .
M ic ro b io lo g y  o f  I r r a d i a t e d  F i s h
The p red o m in an t b a c t e r i a l  f l o r a  o f  f r e s h l y  c a u g h t f i s h  o r  
s h e l l f i s h  i s  o f  th e  Pseudom onas g ro u p , w h ich  f r e q u e n t ly  c o m p rise s  60% 
o f  th e  f l o r a .  A chrom obacter i s  u s u a l l y  th e  seco n d  l a r g e s t  g ro u p , 
v a ry in g  from  14 t o  40% ( 1 0 9 ) .  As s p o i l a g e  p ro c e e d s  i n  f i s h ,  th e  
Pseudom onas g roup  may in c r e a s e  to  90% o f  th e  m ic r o b ia l  p o p u la t io n  (109) . 
C o ld w e ll and L i s to n  (28 ) r e p o r t e d  t h a t  Pseudom onas and F la v o b a c te r iu m  
w ere  p red o m in an t i n  f r e s h  o y s t e r s .  Gram p o s i t i v e  o rg an ism s  c o n s t i t u t e d  
l e s s  th a n  207. o f  th e  i s o l a t e s .  Novak e t  a l . (87 ) r e p o r t e d  t h a t  m ost 
b a c t e r i a  found  in  G u lf  o y s te r s  b e lo n g  to  th e  g e n e ra  A c h ro m o b a c te r , 
Pseudom onas, A l c a l i g e n e s , A e r o b a c te r , E s c h e r i c h i a  and F la v o b a c te r iu m . 
B e r ry  (12 ) and G e ig e r  j j t  j i l .  (48 ) n o te d  th e  p re s e n c e  o f  P r o te u s , 
A lc a l ig e n e s  and Pseudom onas f lu o r e s c e n c e  i n  o y s t e r s .
T anikaw a (125 ) found  t h a t  t y p i c a l  w a te r  b a c t e r i a  o f  th e  g e n e ra  
A c h ro m o b a c te r , Pseudom onas, F 1a v o b a c te r iu m , and  M icro co ccu s w ere  o f  
g r e a t  im p o r ta n c e  i n  th e  s p o i l a g e  o f m a rk e t o y s te r s  h e ld  a t  0 °C . E l i o t  
(40 ) fo und  t h a t  th e  g re e n  f lu o r e s c e n t  y e llo w  p ig m en ted  and n o n - 
p ig m en ted  v i b r i o  g ro u p s  r e a d i l y  in c r e a s e d  i n  number d u r in g  th e  s p o i l a g e  
o f  m a rk e t o y s te r s  a t  20°C .
Many a t te m p ts  have b e e n  made t o  c o r r e l a t e  b a c t e r i a l  c o u n ts  w i th  
o y s te r  q u a l i t y ,  s in c e  b a c t e r i a l  c o n ta m in a t io n  c o n t r i b u t e s  to  s p o i l a g e .  
H u n te r and L in d e n  (63 ) have shown no r e l a t i o n s h i p  b e tw e en  t o t a l  num ber 
o f  a e ro b ic  b a c t e r i a  p r e s e n t  and th e  c o n d i t io n  o f  th e  o y s t e r s .  They 
t h e o r i z e d  t h a t  s p o i l a g e  o f  o y s te r s  depends on th e  p re s e n c e  and
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developm en t o f  b a c t e r i a  o f  c e r t a i n  ty p e s  o r  g ro u p s , r a t h e r  th a n  on th e  
t o t a l  num ber o f  o rg an ism s p r e s e n t ,  p a r t i c u l a r l y  th o s e  c a u s in g  fe rm en ­
t a t i o n  o r  p u t r e f a c t i o n .  A g r e a t  many s o i l  and  w a te r  b a c t e r i a  w h ich  
a p p a r e n t ly  had  no e f f e c t  on o y s te r s  w ere i s o l a t e d  from  decom posing  
m a t e r i a l ,  m a jo r i t y  o f  w h ich  b e lo n g  to  th e  g e n e ra  A ch rom obac te r and 
F la v o b a c te r iu m .
C a s t e l l  e t  a l .  (25 ) s t a t e d  t h a t  b a c t e r i a l  c o u n ts  a lo n e  a r e  n o t  a
good m easu re  o f  th e  d e g re e  o f  s p o i la g e  in  f r e s h  f i s h  f i l l e t s ;  th e y
fo und  s p o i la g e  more c l o s e l y  r e l a t e d  to  g row th  and a c t i v i t y  o f  th e
b a c t e r i a  r a t h e r  th a n  to  t o t a l  n u m b ers . D eco m p o sitio n  o f  sh u ck ed
o y s te r s  a t  th e  s t a r t  i s  due to  a c t i v i t i e s  o f  some num bers o f  th e
S e r r a t i a , Pseudom onas, P r o te u s , B a c i l l u s , A c h ro m o b a c te r , and
E s c h e r i c h i a  c o l i  g roup  o f  b a c t e r i a .  L a t e r  i n  th e  c o u rs e  o f  s p o i l a g e ,
L a c t o b a c i l l i  and y e a s t s  f in d  more s u i t a b l e  c o n d i t io n s  f o r  g ro w th .
The t o t a l  a e ro b ic  c o u n ts  o f  sh u ck ed  o y s te r s  i n  v a r io u s  s ta g e s  o f
d e c o m p o s itio n  w ere s tu d i e d  by  H u n te r and L in d e n  (62 ) . They r e p o r t e d
no d e f i n i t e  c o r r e l a t i o n  b e tw een  th e  t o t a l  number o f  b a c t e r i a  p r e s e n t
and th e  s ta g e  o f  d e c o m p o s itio n , b u t  a  d i s t i n c t  r e l a t i o n s h i p  was
d e te rm in e d  b e tw een  th e  h y d ro g e n - io n  c o n c e n t r a t io n  o f  th e  o y s te r  l iq u o r
and  th e  s ta g e  o f  s p o i l a g e .
The postm ortem  m ic r o b io lo g ic a l  p a t t e r n  o f  f i s h  i s  ch an g ed
q u a n t i t a t i v e l y  and q u a l i t a t i v e l y  by  i r r a d i a t i o n  (33 ) . W ith  i r r a d i a t e d
c ra b m ea t o r  p e t r a l e - s o l e  f i l l e t s  s to r e d  a t  33 o r  4 2 °F , th e  s e n s o ry
r a t i n g s  re m a in  r e l a t i v e l y  h ig h  u n t i l  th e  t o t a l  b a c t e r i a l  p l a t e  c o u n ts  
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a p p ro a c h  1 x 10 b a c t e r i a  p e r  g ram . Then th e  s e n s o ry  r a t i n g s  d ro p
r a p i d l y ,  and th e  p ro d u c t  i s  ju d g ed  s p o i l e d  g e n e r a l l y  when th e
£
b a c t e r i a l  c o u n ts  w e l l  e x c e e d  1 x  10 p e r  gram  ( 3 3 ) .
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I r r a d i a t i o n  a t  200 o r  300 k ra d  r e s u l t e d  i n  a  r e d u c t io n  o f  95% i n  
th e  t o t a l  number o f  b a c t e r i a  t h a t  w ere  p r e s e n t  i n  th e  c ra b m e a t and 
f i l l e t s  p r i o r  to  i r r a d i a t i o n .  D uring  s to r a g e  a t  3 3 °? , a p p ro x im a te ly  
7 to  14 days w ere r e q u i r e d  f o r  th e  b a c t e r i a l  c o u n ts  to  in c r e a s e  and 
e q u a l  th e  num bers p r e s e n t  p r i o r  to  i r r a d i a t i o n .  D uring  s to r a g e  a t  
42°F  th e  ch an g es  i n  th e  b a c t e r i a l  c o u n ts  fo llo w e d  q u a n t i t a t i v e  t r e n d s  
s i m i l a r  to  th o s e  o b s e rv e d  a t  33°F how ever, th e s e  ch an g es  o c c u r r e d  
a b o u t tw ic e  as  f a s t  a s  a t  3 3 °F .
The p s y c h ro p h i le s  i n i t i a l l y  c o n s t i t u t e d  a p p ro x im a te ly  43% o f  th e  
t o t a l  p o p u la t io n  i n  n o n - i r r a d i a t e d  c ra b m e a t, and a f t e r  f o u r  days a t  
33°F th e y  c o n s t i t u t e d  a lm o s t 100% o f  th e  t o t a l  b a c t e r i a l  p o p u la t io n  
( 3 3 ) .  Im m e d ia te ly  a f t e r  i r r a d i a t i o n  o f  th e  c ra b m e a t, th e  p s y c h ro -  
p h i l i c  c o u n ts  w ere e s s e n t i a l l y  z e ro  i n  b o th  th e  200 and 400 k ra d  
s a m p le s . D uring  s u b s e q u e n t  s t o r a g e ,  t h e r e  was a  l a g  p e r io d  o f  
a p p ro x im a te ly  7 days f o r  th e  200 k ra d  sam p les  and 14 days f o r  th e  400 
k ra d  sam p les  f o r  th e  p s y c h r o p h i le s .  D uring  t h i s  la g  p e r io d  th e  t o t a l  
b a c t e r i a l  p l a t e  c o u n ts  re m a in e d  f a i r l y  c o n s ta n t  ( 3 3 ) .
Q u a l i t a t i v e  d i f f e r e n c e s  i n  b a c t e r i a l  c o u n ts  o f  th e  s t o r e d  
p ro d u c t  have b e e n  s u g g e s te d  i n  k in g  c ra b m e a t i r r a d i a t e d  a t  200 k ra d  
(118) . I t  was fo und  t h a t  th e  b a c t e r i a l  p o p u la t io n  c o n tin u e d  to
g
i n c r e a s e  w i th  s to r a g e  and r o s e  to  1 x  10 p e r  gram  i n  th e  sam p les  
b e f o r e  th e  t a s t e  p a n e l ju d g e d  th e  c ra b m e a t u n a c c e p ta b le .  T h is  was in  
co m p a riso n  t o  c o u n ts  o f  1 x  10^ in  th e  n o n - i r r a d i a t e d  m eat a t  th e  
p o in t  o f  u n a c c e p t a b i l i t y .  A s i m i l a r  p a t t e r n  h as  b e e n  o b s e rv e d  by  
S p i n e l l i  e_t al. ( 1 1 7 ) .  Thus to  r e a c h  a  co m p arab le  s t a t e  o f  
u n a c c e p ta b le  q u a l i t y ,  th e  r a d i a t i o n  p a s te u r i z e d  p ro d u c t r e q u i r e d  a  
b a c t e r i a l  p l a t e  c o u n t o f  a b o u t 100 tim e s  g r e a t e r  th a n  th e
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c o r re s p o n d in g  n o n - i r r a d i a t e d  p r o d u c t .  A p p a re n tly ,  th e  lo w -d o se  
i r r a d i a t i o n  n o t  o n ly  re d u c e s  th e  number o f  i n i t i a l  o rg an ism s  n o rm a lly  
c a u s in g  s p o i l a g e ,  b u t  i t  a l s o  damages o r  a l t e r s  th e  b io c h e m ic a l  
a c t i v i t y  o f  th o s e  s u r v iv in g  and g row ing  i n  th e  s t o r e d  p r o d u c t .  T h is  
o b s e r v a t io n  has b een  made p r e v io u s ly  by  Shewan and L i s to n  (112 ) . They 
s u g g e s te d  t h a t  i r r a d i a t i o n  a p p e a re d  to  have d e v i t a l i z i n g  e f f e c t s  on th e  
b a c t e r i a l  p o p u la t io n  as w e l l  as  b a c t e r i o c i d a l  and b a c t e r i o s t a t i c .
Some y e a s t s  and m olds s u rv iv e d  th e  i r r a d i a t i o n  t r e a tm e n t  o f  k in g  
c ra b m ea t and p e t r a l e - s o l e  f i l l e t s .  The s u r v iv in g  y e a s t s  and m olds 
in c r e a s e d  i n  th e  a i r  pack ed  sam p les  w i th  c o n tin u e d  s to r a g e  b u t  w ere 
s u p p re s s e d  in  th e  vacuum pack ed  s a m p le s . A t o t a l  o f  569 y e a s t  
i s o l a t e s  w ere ta k e n  from  i r r a d i a t e d  and n o n - i r r a d i a t e d  K ing c ra b  and 
D ungeness c ra b m ea t and i d e n t i f i e d .  G e n e ra  i d e n t i f i e d  in c lu d e d  
T r ic h o s p o ro n , C ry p to c o c c u s , R h o d o to ru la , P u l l u l a r i a , C a n d id a ,
T o r u lo p s i s , and B re tta n o m y c e s  (118) .
R o n s i v a l l i  je t  _al. (106) r e p o r t e d  t h a t  i r r a d i a t i o n  o f  haddock 
f i l l e t s  w i th  250 k ra d  r e s u l t e d  i n  th e  d e s t r u c t i o n  o f  a p p ro x im a te ly  
997. o f  th e  b a c t e r i a  (T a b le  I )  .
T o ta l  p l a t e  c o u n ts  w ere  d e te rm in e d  on sam p les  d u r in g  th e  l a s t  
s ta g e s  o f  s to r a g e .  Sam ples t h a t  w ere s t i l l  a c c e p ta b l e ,  o rg a n o ­
l e p t i c a l l y ,  w ere found  t o  have c o u n ts  a s  h ig h  as  10® and 10^ 
o rg an ism s p e r  gram .
T o ta l  a e ro b ic  p l a t e  c o u n ts  ( i n  t r y p t o s e  a g a r ,  pH 6 .8 - 7 .0 )  and 
t o t a l  y e a s t  and m old c o u n ts  ( i n  m a l t  a g a r ,  pH 4 .0 - 4 .5 ,  a c i d i f i e d  w i th  
10% l a c t i c  a c id )  w ere made on i r r a d i a t e d  and n o n - i r r a d i a t e d  y e llo w  
p e rc h  f i l l e t s  i n  an  e f f o r t  to  c o r r e l a t e  th e s e  d a ta  w i th  o r g a n o le p t i c  
and c h e m ic a l c h a n g e s . I n  th e  n o n - i r r a d i a t e d  sa m p le s , i n i t i a l  p l a t e
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TABLE 1
B a c t e r i a l  R e d u c tio n  in  Haddock F i l l e t s  
by  I r r a d i a t i o n  a t  250 K ra d l
Sam ple
No.
T o ta l  p l a t e  c o u n ts  
p r i o r  t o  i r r a d i a t i o n
(C o u n ts /g ram )
T o ta l  p l a t e  c o u n ts  
a f t e r  i r r a d i a t i o n
(C o u n ts /g ram )
R e d u c tio n  
i n  t o t a l  
p l a t e  
c o u n ts  
(p e r  c e n t )
1 8 3 ,0 0 0 450 9 9 .5
2 1 7 0 ,0 0 0 200 9 9 .9
3 1 8 0 ,0 0 0 450 9 9 .7
4 1 0 0 ,0 0 0 990 9 9 .0
5 1 0 0 ,0 0 0 1200 9 9 .0
6 1 ,3 0 0 ,0 0 0 2200 9 8 .8
7 5 ,5 0 0 50 9 9 .0
i R o n s i v a l l i ,  e t  _al. ( 1 0 6 ) .
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c o u n ts  w ere o f  th e  o r d e r  o f  1 x  10^ c o u n ts  p e r  g ram , b u t  in c r e a s e d  to
a b o u t 1 x  10^ c o u n ts  p e r  gram a f t e r  14 days s to r a g e  a t  33°F . D uring
th e  same p e r io d  o f  s t o r a g e ,  th e  t o t a l  y e a s t s  and m olds in c r e a s e d  from  
31 x 10 p e r  gram  t o  1 x 10 p e r  gram .
I r r a d i a t i o n  o f  th e  sam p les a t  300 k ra d  re d u c e d  th e  i n i t i a l
m ic r o b ia l  f l o r a  by  a b o u t 99.4% . A f te r  13 days a t  3 3 °F , th e  i r r a d i a t e d
sam p les  r e a c h e d  th e  i n i t i a l  p l a t e  c o u n ts ,  th e n  l e v e l e d  o f f  u n t i l  th e
2 0 th  to  th e  2 3 rd  day  a t  w h ich  tim e  th e  t o t a l  c o u n ts  co m p rise d  m a in ly
y e a s t s  and m o ld s . By th e  4 4 th  d a y , th e  t o t a l  p l a t e  c o u n ts  re a c h e d  
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a b o u t 1 x  10 p e r  g ram . I r r a d i a t i o n  a t  d o se s  h ig h e r  th a n  300 k ra d  had 
a  g e n e r a l  g r e a t e r  e f f e c t  on th e  m ic ro b es  (1 0 6 ) .
A d le r  and C o peland  (1 ) h as  s u g g e s te d  t h a t  i n  E . c o l i  th e r e  a r e  a  
num ber o f  g en es  t h a t  c o n t r o l  r a d i a t i o n  s e n s i t i v i t y  and t h a t  some 
c o m b in a tio n s  c a n  en h an ce  r a d i a t i o n  r e s i s t a n c e  w h ile  o th e r s  ca n  d e c re a s e  
i t .
Jo n e s  and L in g e r  (67 ) v a r i e d  th e  pH o f  th e  medium on w h ich  th e  
o rg an ism s  w ere i r r a d i a t e d  b e tw een  4 .5  and 9 .0 .  No a p p r e c ia b le  
i n f lu e n c e  o f  pH on th e  b a c t e r i o c i d a l  e f f e c t  was o b s e rv e d  a lth o u g h  th e  
fo rm e r w o rk e rs  o b s e rv e d  m ore r a p i d  i n a c t i v a t i o n  b e lo w  pH 4 . 6 .  Few 
i n v e s t i g a t o r s  have  b e e n  c o n c e rn e d  w i th  th e  c o m p a ra tiv e  s e n s i t i v i t y  o f  
b a c t e r i a  to  u l t r a v i o l e t  l i g h t  a t  d i f f e r e n t  s ta g e s  i n  th e  g ro w th  c y c l e .  
M orse and C a r te r  (8 4 )  and M orse (85 ) have shown a  t h r e e f o l d  v a r i a t i o n  
i n  th e  DNA c o n te n t  o f  c e l l s  o f  E . c o l i  B and  B / r  a t  d i f f e r e n t  s ta g e s  
o f  th e  g ro w th  c y c l e .  H o lla e n d e r  and C lau s  (58 ) fo u n d  7 h o u r a g a r  
s l a n t  c u l t u r e s  o f  E . c o l i  to  be  m ore r e s i s t a n t  t o  u l t r a v i o l e t  l i g h t  
th a n  t h e i r  s ta n d a r d  15 h o u r c u l t u r e s ,  w h e reas  1 0 -d ay  o ld  c u l t u r e s  w ere 
m ore s e n s i t i v e .  W itk in  (136) r e p o r t e d  g r e a t e s t  s e n s i t i v i t y  to
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u l t r a v i o l e t  l i g h t  i n  th e  lo g a r i th m ic  p h a s e , g r e a t e r  r e s i s t a n c e  in  th e  
r e s t i n g  s t a g e ,  and th e  g r e a t e s t  r e s i s t a n c e  d u r in g  th e  l a g  p h a s e .
W ells  and W e lls  (127 ) r e p o r t e d  t h a t  a i r - b o r n e  E . c o l i  w ere more s e n s i ­
t i v e  th a n  th e  same o rg an ism s  f l o a t i n g  in  th e  l i q u i d  s u s p e n s io n .
The en z y m a tic  c o n s t i t u t i o n  o f  b a c t e r i a l  c e l l s  i s  known to  depend 
upon th e  c o n d i t io n s  o f  g ro w th . Thus th e  enzyme sy s tem s o f  r e s t i n g  
b a c t e r i a  d i f f e r  from  th o se  o f  th e  g row ing  c e l l s .  S i m i la r ly ,  r e s t i n g  
c e l l s  grown i n  n u t r i e n t  b r o t h ,  g lu c o s e  b r o th  o r  s y n th e t i c  m ed ia  d i f f e r  
i n  e n z y m a tic  c o n s t i t u t i o n .  R o b e r ts  and A ldous (104) have shown 
c o r re s p o n d in g  v a r i a t i o n  in  th e  u l t r a v i o l e t  s e n s i t i v i t y  o f  c e l l s  o f  E . 
c o l i  B . R e s t in g  c e l l s  grown in  n u t r i e n t  b r o th  ( f i n a l  pH 8) w ere much 
l e s s  s e n s i t i v e  th e n  th e  r e s t i n g  c e l l s  grown i n  g lu c o s e  b r o th  ( f i n a l  
pH 5 .5 )  o r  b a c t e r i a  grown i n  n u t r i e n t  b r o th  w i th  a  f i n a l  pH o f  7 .0 .
Two ho u r c u l t u r e s  o f  E . c o l i  B grown i n  n u t r i e n t  b r o th  and i n  
s y n th e t i c  medium w ere  more s e n s i t i v e  th a n  c u l t u r e s  o f  r e s t i n g  c e l l s  
grown i n  n u t r i e n t  b r o t h .  Not o n ly  d id  th e  s e n s i t i v i t y  c h a n g e , b u t  
th e  form  o f  th e  s u r v iv a l  c u rv e  a l s o  changed  w ith  d i f f e r e n t  g row th  
c o n d i t i o n s . I n  a l l  c a s e s , g r e a t e r  s u r v iv a l  was o b se rv e d  when th e  
i r r a d i a t e d  c e l l s  w ere a s sa y e d  on s y n th e t i c  a g a r  p l a t e s  th a n  when 
a s sa y e d  on n u t r i e n t  a g a r  p l a t e s .  P o s t - i r r a d i a t i o n  t r e a tm e n t  su c h  as 
h o ld in g  u l t r a v i o l e t  i r r a d i a t e d  c e l l s  i n  d i s t i l l e d  w a te r  o r  p h y s io ­
l o g i c a l  s a l t  s o l u t i o n  r e s u l t e d  i n  a  s i g n i f i c a n t  i n c r e a s e  i n  s u r v iv a l  
(58 ) .
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R a d i o s e n s i t i v i t y , R a d i o s e n s i t i z e r s  and 
I n t r a c e l l u l a r  P r o te c to r s  
Many f a c t o r s  a r e  l i k e l y  to  p la y  a  p a r t  i n  d e te rm in in g  th e  g r e a t  
v a r i a t i o n s  i n  th e  r a d i o s e n s i t i v i t y  o f  c e l l s ,  p a r t i c u l a r l y  in  m ic ro ­
o rg a n is m s . The p re s e n c e  o f  some s u b s ta n c e s  w i th in  th e  c e l l ,  e . g . ,  
s u lp h y d r y l  compounds o r  b a c t e r i a l  p ig m e n ts , can  a c t  as  p r o t e c t i v e  
a g e n ts  and re d u c e  th e  m ag n itu d e  o f th e  i n i t i a l  c h e m ic a l l e s i o n .  The 
p re s e n c e  o f  i n t r a c e l l u l a r  a g e n ts  ca n  a t  b e s t  be  o n ly  one o f  th e  
f a c t o r s  m aking f o r  h ig h  r a d i o - r e s i s t a n c e .  The dose n eed ed  to  i n ­
a c t i v a t e  th e  enzym es o f  th e  K rebs c y c le  i n  M icro co ccu s s o d e n s is  w i th  
o f  33 k r a d  was a p p ro x im a te ly  f i v e  tim e s  t h a t  n e c e s s a ry  f o r  th e  
much more r a d i o - s e n s i t i v e  Pseudom onas f lu o r e s c e n s  (LD - 1 .8  k r a d ) .
The p r o t e c t i o n  o f  th e  enzym es i n  th e  c y to p la sm  o f  th e  M icrococcus may 
b e  r e l a t e d  to  th e  p re s e n c e  o f  a  c a r o te n o id  p ig m e n t, w h ich  i s  much more 
s e n s i t i v e  t o  r a d i a t i o n  w i th in  th e  c e l l  th a n  a f t e r  i s o l a t i o n .
S u lp h y d ry l p r o t e c t i o n  does n o t  a p p e a r  to  be  o p e r a t iv e  s in c e  th e  
c o n c e n t r a t io n  o f  SH g ro u p s  i s  l e s s  i n  th e  M icro co ccu s  th a n  i n  th e  
Pseudom onas ( 2 ) .
The r a d i o r e s i s t a n t  o rg an ism  M ic ro co ccu s  ra d io d u ra n s  has b een  
fo u n d  to  c o n ta in  an  e x t r a c t a b l e  r a d i o p r o t e c t i v e  a g e n t ,  p resu m ab ly  o f  
a  s u lp h y d r y l  n a tu r e  ( 2 2 ) .  By u s in g  a  r e a g e n t  s p e c i f i c  f o r  su c h  g ro u p s , 
th e s e  c e l l s  s h o u ld  b e  r e n d e r e d  more s e n s i t i v e  to  r a d i a t i o n .  Such 
s t u d i e s ,  u s in g  a  v a r i e t y  o f  r e a g e n t s ,  have shown s e n s i t i z a t i o n  in  
s e v e r a l  ( 2 1 ) ,  b u t  n o t  a l l  o rg an ism s  t e s t e d  ( 7 3 ) .  T hese  s e n s i t i z i n g  
a g e n ts  have th e  common p r o p e r ty  o f  com b in ing  w i th  SH g ro u p s , and t h e i r  
a c t i o n  i s  p resu m ab ly  a s s o c i a t e d  w i th  t h i s  p r o p e r ty .  The q u a n t i ty  o f  
r e a g e n t  r e q u i r e d  to  m o d ify  th e  r a d i a t i o n  r e s p o n s e  and th e  q u a n t i ty
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bound i n  th e  c e l l  s h o u ld  be  r e l a t e d  to  th e  amount o f  s u lp h y d ry l  
p r o t e c t i v e  compounds p r e s e n t  in  th e  c e l l .
Removal o f  th e  i n t r a c e l l u l a r  p r o t e c t i v e  a g e n ts  s h o u ld  le a d  to  
r a d i o s e n s i t i z a t i o n .  I o d o a c e ta t e ,  w h ich  has b e e n  shown to  enhance  
r a d i a t i o n  damage in  m ic e , r e a d i l y  com bines w i th  s u lp h y d r y l  compounds 
t h a t  c o u ld  be p h y s io lo g ic a l  p r o t e c t o r s .  L eukaem ia c e l l s  i n  t i s s u e  
c u l t u r e s  e x p o sed  to  io d o a c e ta te  a t  a  c o n c e n t r a t io n  o f  10”^M f o r  30 
m in u te s  p r i o r  to  i r r a d i a t i o n  a re  30% m ore s e n s i t i v e  to  X -ra y s  th a n  
th o s e  t h a t  have n o t  b e e n  t r e a t e d  ( 2 ) .  P r e - t r e a tm e n t  o f  b a c t e r i a  w i th  
SH r e a c t o r s  le a d s  to  much g r e a t e r  s e n s i t i z a t i o n .  E x p o su re  to  10”^M 
io d o a c e ta te  d o u b le s  th e  r a d i o s e n s i t i v i t y  o f  Pseudom onas f lu o re n c e n s  
and i t  i n c r e a s e s  t h a t  o f  M ic ro co ccu s  s o d e n s is  se v e n  tim e s  ( 2 ) .
Powers e t  _a l. (91 ) r e p o r t e d  th e  l o s s  o f  r e p r o d u c t iv e  i n t e g r i t y  
o f  B a c i l l u s  m eg a teriu m  s p o re s  i r r a d i a t e d  i n  d ry  s t a t e .  One o f  th e  
m ost s t r i k i n g  d i f f e r e n c e s  b e tw een  damage in d u c e d  i n  c e l l s  o f  h ig h  w a te r  
c o n te n t  and low w a te r  c o n te n t  (d ry  s p o r e s ) , when e a c h  was i r r a d i a t e d  
i n  th e  a b sen c e  o f  oxygen , was t h a t  n i t r i c  o x id e  en h an ces  th e  r a d i a t i o n  
damage i n  th e  fo rm e r ( h ig h  w a te r  c o n t e n t ) , and  d e p re s s e s  i t  i n  th e  
l a t t e r  (low  w a te r  c o n t e n t ) . I n  d ry  s p o re s  o f  B a c i l l u s  m e g a te r iu m , 
Pow ers and h i s  c o -w o rk e rs  (91 ) o b s e rv e d  l e s s  d e p re s s io n  when th e  
n i t r i c  o x id e  was p r e s e n t  d u r in g  i r r a d i a t i o n  th a n  when i t  was added  
a f t e r  i r r a d i a t i o n .  From t h i s  th e y  c o n c lu d e d  t h a t  th e  n i t r i c  o x id e  
s l i g h t l y  e n h an ced  th e  t o x i c i t y  o f  some in te r m e d ia te s  w h ile  g r e a t l y  
d e p re s s in g  t h a t  o f  th e  o t h e r s .  The enhancem en t was f i r s t  o b s e rv e d  by 
F la n d e r s  (42 ) i n  S h ig e l l a  f l e x n e r i . As r e g a r d s  t o  th e  m ag n itu d e  o f  
i t s  in f lu e n c e  on s e n s i t i v i t y  a t  any g iv e n  c o n c e n t r a t io n ,  F la n d e r s  and 
Jo c k ey  (43 ) fo u n d  t h a t  a  m o le c u le  o f  n i t r i c  o x id e  was e s s e n t i a l l y
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e q u iv a l e n t  to  a  m o le c u le  o f  oxyg en . Dewey (34) has o b s e rv e d , i n  
S e r r a t i a  m arc esc e n s  and P ro te u s  v u l g a r i s . t h a t  n i t r i c  o x id e  su b ­
s t a n t i a l l y  en h a n ce s  th e  s e n s i t i v i t y  o f  a n o x ic  c e l l s ,  b u t  f a l l s  a  l i t t l e  
s h o r t  o f  oxygen i n  i t s  e f f e c t i v e n e s s .  N i t r i c  o x id e ,  h a v in g  one 
u n p a ir e d  e l e c t r o n  in  an o u te r  o r b i t ,  r e a d i l y  com bines w i th  f r e e  
r a d i c a l s  to  form  s t a b l e  com pounds. I n  t h i s  r e s p e c t  i t  d i f f e r s  from  
oxygen , w h ich  has c e r t a i n  c h a r a c t e r i s t i c s  o f  a  b i - r a d i c a l ,  so  t h a t  th e  
p ro d u c t  o f  r e a c t i o n  b e tw een  oxygen and a  f r e e  r a d i c a l  i s  i t s e l f  a  f r e e  
r a d i c a l .
I t  has b e e n  d e m o n s tra te d  r e p e a te d ly  (86 ) t h a t  th e  b a c t e r i o c i d a l  
e f f e c t  o f  a  g iv e n  dose o f  l e t h a l  e n e rg y  su c h  a s  io n iz in g  r a d i a t i o n  may 
be  in f lu e n c e d  by  th e  w a te r  a c t i v i t y  (aW) p r e v a i l i n g  i n  th e  s u b s t r a t e  
i n  w h ich  th e  i r r a d i a t i o n  i s  c o n d u c te d .
The f i g u r e s  o b ta in e d  i n  th e  b a c t e r i o l o g i c a l  e x a m in a tio n  o f  th e  
f r e s h l y  in o c u la te d  and i r r a d i a t e d  sam p les o f  f i s h  m eal f o r  some o th e r  
o rg an ism s  o f  i n t e r e s t  a r e  p r e s e n te d  i n  T a b le  2 .
R a d ia t io n  I n f lu e n c e  on M etabo lism
W itk in  (137 ) showed t h a t  th e  p r o d u c t io n  o f  m u ta tio n s  in  c e r t a i n  
a u x o tro p h ic  b a c t e r i a  r e s u l t i n g  from  e x p o su re  to  u l t r a v i o l e t  l i g h t ,  i s  
f ix e d  w i th in  th e  f i r s t  h o u r a f t e r  i r r a d i a t i o n  a t  a  h ig h  o r  low l e v e l  
by  th e  n u t r i t i o n  o f  th e  o rg a n is m . Low l e v e l s  a p p e a re d  to  be 
a s s o c i a te d  w i th  th e  i n h i b i t i o n  o f  p r o t e i n  s y n t h e s i s ,  and in  an e x tre m e  
c a s e  no m u ta t io n  was o b s e rv e d  a t  a l l ,  a l th o u g h  th e  l o s s  o f 
r e p r o d u c t iv e  i n t e g r i t y  o f  th e  c e l l  was l i t t l e ,  i f  a t  a l l  a f f e c t e d .
The sh a p e  o f  th e  lo g  s u r v i v a l  c u rv e  may a l s o  be  g r e a t l y  m o d if ie d  by 
c o n t r o l  o f  pH o f  th e  medium i n  w h ich  th e  c e l l s  w ere c u l t u r e d  b e fo r e
TABLE 2
R e d u c tio n  i n  Numbers o f  V ia b le  C e l ls  o f  G roups o f  B a c t e r i a  o f  P u b l ic  H e a l th  
and G e n e ra l  S ig n i f i c a n c e  i n  F i s h  M eal, upon I r r a d i a t i o n  w i th  
C o b a lt  6 0 . L im its  O bserved  i n  E x p e rim en ts  i n  T r i p l i c a t e 1
G roup o f  
O rganism s
Dose o f r a d i a t i o n (Mr ad )
0 .0 0 .2 0 .4 0 .5 0 .6 0 .7 0 .8
T o ta l  a e ro b ic 0 .4 - 0 .6 0 .5 - 0 .9 0 .3 - 0 .4 0 .1 - 0 .5 0 .1 - 0 .2 0 .0 8 - 0 .2 0 .5 - 1 .0
c o u n t p e r  1 gram X i o 6 X io 1 X 104 X 104 ' X 104 X 104 x  i o 3
T o ta l  a n a e ro b ic 0 .5 - 1 .0 0 .1 - 0 .2 0 .9 - 2 .0 0 .3 - 0 .9 0 .1 - 0 .6 0 .1 - 0 .3 0 .1 - 0 .2








X 10^ 2X 10
L a n c e f ie ld  D s t r e p to c o c c i 0 .1 - 0 .2 0 .1 - 0 .1 0 .1 0 .1 0 .1 0 .1 0 .1













S u lD h i te - r e d u c in a  C l o s t r i d i a  
p e r  1 gram
0 .5 - 1 .0
x  i o 2
0 .4 - 0 .9
9
X 10“
0 .2 - 0 .3
x  i o 2
0 .1 - 0 .2  
x  i o 2
0 .1 - 0 .1  
2
X 10






C a t a la s e - p o s i t i v e  c o c c i 0 .3 - 0 .4 0 .1 - 0 .9 0 .1 - 0 .3 0 .1 0 .1 0 .1 0 .1
p e r  1 gram X i o 5 X i o 3 X i o 3 X i o 3 x  i o 3 x  i o 3
3
X 10
^M ossel and D eG rout, ( 8 6 ) .
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i r r a d i a t i o n  ( 5 9 ) .  As a  g e n e ra l  r u l e ,  maximum l o s s  o f  r e p r o d u c t iv e  
i n t e g r i t y  o c c u rs  i f  c e l l s  a re  grown r a p i d l y  im m e d ia te ly  a f t e r  i r r a d i a ­
t i o n  by  th e  u s e  o f  o p t im a l  m ed ia  and o p t im a l  te m p e ra tu re s :  c o n v e r s e ly ,
m ore c e l l s  s u rv iv e  when g ro w th  i s  s lo w ed  o r  p r o t e i n  s y n th e s i s  d e p re s s e d  
a f t e r  i r r a d i a t i o n .
G e n e t i c a l l y  c o n t r o l l e d  d i f f e r e n c e s  o f r a d i a t i o n  s e n s i t i v i t y  w ere 
f i r s t  d e m o n s tra te d  i n  E . c o l i  s t r a i n  B (1 3 4 ,1 3 5 )  by  th e  i s o l a t i o n  o f  
a  m u ta n t h a v in g  in c r e a s e d  r e s i s t a n c e  to  b o th  u l t r a v i o l e t  and io n iz in g  
r a d i a t i o n .  I t  was s u g g e s te d  t h a t  E . c o l i  B and th e  r a d i o r e s i s t a n t  
m u ta n t B / r  d i f f e r e d  a t  o n ly  one l o c u s .  R a d io s e n s i t i v e  m u ta n ts  o f  E . 
c o l i  B have a l s o  b een  i s o l a t e d  ( 5 7 ) .  The e x i s t e n c e  o f  g e n e t ic  
r e c o m b in a t io n  sy s te m s  i n  b a c t e r i a  h as  made p o s s ib l e  th e  a n a ly s i s  o f 
th e  g e n e t i c  b a s i s  o f  r a d i o r e s i s t a n c e  and r a d i o s e n s i t i v i t y .  I t  has 
b e e n  shown (44 ) t h a t  th e  r a d i o s e n s i t i v e  E . c o l i  K 12 s t r a i n  AB 1886 
d i f f e r s  from  th e  p r e s e n t  s t r a i n  by  a  s i n g l e  m u ta t io n a l  s t e p .  The gene 
in v o lv e d  h as  b e e n  l o c a t e d  b e tw een  one o f  th e  l o c i  f o r  a r g in in e  b i o ­
s y n th e s i s  and th e  lo c u s  f o r  a r a b in o s e  f e r m e n ta t i o n .  A lo c u s  
c o n t r o l l i n g  r a d i o r e s i s t a n c e  i n  JL. c o l i  K 12 has b e e n  r e p o r t e d  to  be 
c l o s e l y  l in k e d  to  th e  l o c i  f o r  l a c t o s e  f e r m e n ta t io n  and r e s i s t a n c e  to  
b a c te r io p h a g e  T^ (49 ) . Lee and  H ollow ay (74 ) c l e a r l y  showed t h a t  
r a d i a t i o n  s e n s i t i v i t y  in  Pseudom onas a e ru g in o s a  s t r a i n s  1 and 2 
(1 c h l - r - a n d  2) c a n  be a s c r ib e d  to  g e n e t i c  d i f f e r e n c e s  and t h a t  th e  
g e n e t i c  sy s te m  in v o lv e d  m ust be  e i t h e r  p o ly g e n ic  o r  m u l t ig e n i c .  T h is  
i s  shown n o t  o n ly  by  th e  s e g r e g a t io n  o f  r a d i a t i o n  d i f f e r e n c e s  in  
c r o s s e s  b e tw een  s t r a i n s  1 and 2 b u t  a l s o  by  th e  e a s e  w i th  w h ich  
m u ta n ts  w i th  v a ry in g  r a d i a t i o n  s e n s i t i v i t y  c a n  b e  i s o l a t e d ,  w i th o u t  
s e l e c t i o n ,  a f t e r  t r e a tm e n t  w i th  n i t r o s o g u a n i d in e .
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A p o s s ib l e  r e a s o n  f o r  t h i s  ty p e  i n  Pseudom onas a e r u g in o s a  l i e s  
n o t  o n ly  i n  d e m o n s tra t in g  th e  g e n e r a l  o c c u r re n c e  o f  a  g e n e t i c  b a s i s  f o r  
r a d i a t i o n  s e n s i t i v i t y  f o r  a  v a r i e t y  o f  b a c t e r i a  b u t  a l s o  i n  com paring  
th e  n a tu r e  o f  t h i s  g e n e t i c  b a s i s  f o r  o rg an ism s  w i th  d i f f e r e n t  b a s e  
r a t i o s . The DNA o f  Pseudom onas a e r u g in o s a  h as  a  h ig h  c o n te n t  o f  
g u a n in e  p lu s  c y to s in e  (GC 68% ), and  i t  h a s  b e e n  r e c e n t l y  d e m o n s tra te d
(7 1 ) t h a t  th e  GC c o n te n t  o f  b a c t e r i a  i s  d i r e c t l y  r e l a t e d  to  t h e i r  
s e n s i t i v i t y  t o  i o n i z in g  r a d i a t i o n .  The s u g g e s t io n  t h a t  a  s i m i l a r  b u t  
in v e r s e  r e l a t i o n  h o ld s  f o r  u l t r a v i o l e t  i r r a d i a t i o n  (53 ) c l e a r l y  shows 
th e  need  f o r  g e n e t i c  a n a l y s i s .
Known M e ta b o lic  Pathw ays f o r  TMA 
P ro d u c tio n  w i th  P . e r y t h r a  
M e th io n in e ,  s e r i n e ,  e th a n o la m in e ,  c h o l in e  and  b e t a i n e  a c t  as 
i n t e r m e d i a t e s . i n  th e  f o rm a tio n  o f  t r im e th y la m in e  (TMA) p r o d u c t io n  by  
Pseudom onas e r y t h r a . M e th io n in e  and s e r i n e  s y n th e s i s  i s  a c c o m p lish e d  
by  t r a n s f e r r i n g  th e  s u l f u r  g ro u p  o f  c y s t e i n e  to  a  f o u r  c a rb o n  
p r e c u r s o r ,  h o m o se r in e , to  fo rm  c y s t a t h i o n i n e .  From  c y s t a t h i o n i n e ,  
h o m o cy s te in e  and  s e r i n e  a r e  fo rm e d . H om ocyste ine  th e n  a c t s  a s  an  
a c c e p to r  o f  th e  m e th y l g ro u p  from  th e  CH^-Cobamide com pound, to  
c o m p le te  th e  b i o s y n t h e s i s  o f  m e th io n in e .  The r e a c t i o n  m echanism  i s  
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M e th io n in e
The t r a n s f e r  o f  th e  m e th y l g roup  o f  m e th io n in e  to  a p p r o p r i a t e  
a c c e p t o r s ,  " t r a n s m e th y l a t i o n " ,  and  th e  g e n e r a l  m e ta b o l ic  s i g n i f i c a n c e  
o f  t h i s  r e a c t i o n  was f i r s t  d e m o n s tra te d  b y  Du V ig n eau d  and  h i s  
c o l l e a g u e s  (39 ) . The a c t i v e  form  o f  m e th io n in e  w h ic h  f u n c t io n s  i n  th e  
m e th y la t io n  r e a c t i o n  was i d e n t i f i e d  by  C a n to n i  and V ignos (2 3 )  a s  S- 
a d e n o s y lm e th io n in e .
L -M e th io n in e  +  ATP —^ S -a d e n o s y lm e th io n in e  + 
in o r g a n ic  pyro-PO ^ (P P i)  +  in o r g a n ic  PO^ ( P i)
T h is  compound i s  a  s u lfo n iu m  form  o f  m e th io n in e  w i th  a  f r e e  
e n e rg y  o f  s c i s s i o n  c o m p arab le  to  t h a t  o f  th e  p h o sp h a te  l in k a g e  o f  ATP. 
T h is  p ro c e s s  as  g e n e r a l l y  known i s  u n iq u e  i n  b i o l o g i c a l  s y s te m s , b e in g  
th e  o n ly  known in s t a n c e  i n  w h ic h , i n  a  s i n g l e  r e a c t i o n ,  th e  p h o sp h a te  
o f  ATP a p p e a rs  a s  a  m o le c u le  o f  P i  p lu s  a  m o le c u le  o f  P P i .  The 
d e t a i l e d  enzym ic m echanism  i s  n o t  u n d e r s to o d .  I n  th e  p re s e n c e  o f  







H om ocyste ine
CH0OH SH CH -  S -  CH
1 2 I I 2 I 2
CH CH- CH. H-C-NH
1 2 I 2 I 2 I 2
HC-NH. + H-C-NH----- > HC-NH COOH-
I 2 I 2 I 2
COOH COOH COOH
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t r a n s f e r r e d ,  f o r  e x a m p le , to  g u a n id o a c e t ic  a c id  to  form  c r e a t i n e ,  to  
p h o s p h a t id y l  e th a n o la m in e  to  fo rm  l e c i t h i n ,  o r  t o  n ic o t in a m id e  to  fo rm  
N -m e th y ln ic o t in a m id e . I n  e a c h  c a s e  th e  o t h e r  p ro d u c t  fo rm ed  from  
S -a d e n o s y lm e th io n in e  a p p e a rs  t o  b e  S -a d e n o s y l-L -h o m o c y s te in e  w h ic h  i s  
c le a v e d  to  a d e n o s in e  and h o m o c y s te in e .
P h o s p h a tid y l  s e r i n e  i s  fo rm ed  v i a  a  c y t i d in e  in te r m e d ia t e ,  
c y t i d i n e  d ip h o s p h a te  d i g ly c e r i d e  (CDP d i g l y c e r i d e ) , w h ich  i n  t u r n  i s  
d e r iv e d  from  L - p h o s p h a t id ic  a c i d .  C D P -d ig ly c e r id e  r e a c t s  w i th  L - s e r in e  
t o  fo rm  p h o s p h a tid y l  s e r i n e  and c y t i d i n e  m o n o -p h o sp h a te .
The m a jo r  r o u te  o f  f o rm a tio n  o f  p h o s p h a t id y l  e th a n o la m in e  i n  
m am malian t i s s u e s  in v o lv e s  d e c a r b o x y la t io n  o f  p h o s p h a t id y l  s e r i n e ;  
th e  coenzym e r e q u i r e d  i s  p y r id o x a l  p h o sp h a te  ( 1 3 0 ) .  T h is  d e c a rb o x y la ­
t i o n  i s  i n  a c c o rd  w i th  many e a r l i e r  s t u d i e s  w i th  l a b e l l e d  s e r i n e  w h ic h  
showed t h a t  th e  e th a n o la m in e  o f  p h o s p h a tid e s  i s  d e r iv e d  by  d e c a rb o x y ­
l a t i o n  o f  s e r i n e  and t h a t  i t  o c c u rs  i n  th e  p h o s p h a tid e  r a t h e r  th e n  
w i th  f r e e  s e r i n e  ( 1 3 0 ) .
C o n v e rs io n  o f  p h o s p h a t id y l  e th a n o la m in e  to  p h o s p h a t id y l  c h o l in e  
( 1 2 1 ) ,  w i th  m e th io n in e  s e r v in g  a s  th e  m e th y l donor ( 3 9 ) ,  h as  b e e n  
e s t a b l i s h e d  i n  th e  i n t a c t  a n im a l. T h is  o c c u rs  i n  s ta g e s  b y  s u c c e s s iv e  
t r a n s f e r  o f  t h r e e  m e th y l g ro u p s  from  S -a d e n o s y lm e th io n in e  to  
p h o s p h a t id y l  e th a n o la m in e  to  fo rm  m o n o m e th y la m in o e th a n o l, d im e th y l-  
a m in o e th a n o l ,  and c h o l in e  c o n ta in in g  p h o s p h a t id e s .  The r e s p o n s i b le  
enzym es have n o t  b e e n  i s o l a t e d ,  h o w ev er, a l l  th e  a v a i l a b l e  e v id e n c e  
i n d i c a t e s  t h a t  th e  m e th y la t io n  o c c u rs  o n ly  w i th  th e  p h o s p h a tid e s  as 
s u b s t r a t e s  (23 ) . T h is  i s  th e  m echanism  f o r  th e  endogenous f o rm a tio n  
o f  c h o l i n e .
C le a v ag e  o f  th e  c h o l in e  m o le c u le  ta k e s  p la c e  from  p h o s p h a t id y l
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c h o l i n e .  C h o lin e  on f u r t h e r  o x id a t io n  may g iv e  r i s e  to  t r im e th y la m in e
o x id e .  C h a lle n g e r  (26 ) and Young (138) r e p o r t e d  t h a t  t r im e th y la m in e
o x id e  may g iv e  r i s e  to  t r im e th y la m in e  by  b a c t e r i a l  r e d u c t io n .
C h o lin e  i s  com bined w i th ,  and i s  p r e s e n t  a s  l e c i t h i n  i n  egg  y o lk
o f  h e n s . One o f  th e  p ro b a b le  a c c e p to r s  o f  th e  m eth y l g ro u p  o f
m e th io n in e  f o r  c h o lin e  s y n th e s i s  i s  e th a n o la m in e  o r  i t s  d im e th y l
d e r i v a t i v e s  (1 2 3 ) .  S te rk o l  e t  _ a l. (123) u s e d  f o l i c  a c id  and  V ita m in
B12 d e f i c i e n t  r a t s  to  i n v e s t i g a t e  th e  e x t e n t  o f  i n c o r p o r a t io n  o f
m eth y l g ro u p s o f  m e th io n in e  and b e t a i n e  i n t o  t i s s u e  c h o l in e  and
14c r e a t i n e .  I n j e c t i o n  o f  m e th io n in e  CHg-C p ro d u ce d  an a c t i v i t y  f o r
c h o l in e  o f  a p p ro x im a te ly  38%.
B ra n c h i and A zzoni (20 ) w h i le  s tu d y in g  c h o l in e  o x id a t io n  i n  r a t
l i v e r  m ito c h o n d r ia ,  showed t h a t  c h o l in e  o x id a t io n  o c c u r r e d  i n  two
s t e p s ,  c h o l in e  to  b e ta in e  a ld e h y d e  by  th e  enzyme f l a v i n  a d e n in e
d in u c le o t id e  d e h y d ro g e n a se , and b e t a i n e  a ld e h y d e  to  b e t a i n e  by  b e ta i n e
a ld e h y d e  d eh y d ro g en ase  and d i -p h o s p h o p u r id in o  n u c l e o t id e .
To s tu d y  th e  m e ta b o lism  o f  c h o l in e  and i t s  p r e c u r s o r s  and  in
v iv o  r e l a t i o n s h i p  o f  c h o lin e  to  f o l i c  a c id  i n  c h ic k s ,  Young e t  a l .
(139) d e m o n s tra te d  t h a t  i n  th e  a b sen c e  o f  c h o l i n e ,  th e  c h ic k s ,
r e q u ire m e n t  f o r  s u p p le m e n ta l f o l i c  a c id  was n o t  more th a n  80 u g /1 0 0
gram s o f  d i e t .  I f  0.05% c h o l in e  w ere  added  t o  th e  d i e t ,  o n ly  30 ug o f
f o l i c  a c id  w ere a c q u ir e d  t o  s a t i s f y  th e  c h ic k  r e q u i r e m e n t .
U sing  B ^  d e f i c i e n t  Ochromonas m a lh e m e n s is . L u s t  and D a n ie l (77 )
s tu d i e d  th e  b io s y n th e s i s  o f  m e th y l g ro u p s  o f  c h o l i n e .  F o r m a te -C ^
14and fo rm aldehyde-C  in c o r p o r a t io n  i n t o  p h o s p h o lip id  c h o l in e  was 
g r e a t l y  s t im u la te d  by  th e  a d d i t i o n  o f  20 jig o f  B-j^* V ita m in  B ^  had 
no e f f e c t  on th e  i n c o r p o r a t io n  o f  1 - m e th io n in e - C ^  i n t o  c h o l i n e .
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H ow ever, s in c e  in c r e a s e d  i n c o r p o r a t io n  i n t o  c h o l in e  o c c u r r e d  when 
h o m o cy ste in e  was in c lu d e d ,  t h i s  w ould  i n d i c a t e  m e th io n in e  s y n th e s i s  
o c c u r r e d  f i r s t .  They c o n c lu d e d  t h a t  a c t s  i n  m e th io n in e  b i o ­
s y n t h e s i s ,  and i s  th u s  o n ly  i n d i r e c t l y  in v o lv e d  i n  c h o l in e  b io s y n t h e s i s .
W ise and Elwyn (133) c o n c lu d e d  th e  c o n v e rs io n  t o  e th a n o la m in e  
and c h o l in e  i s  q u a n t i t a t i v e l y  a  m in o r f a t e  o f  s e r i n e  i n  th e  r a t .  The 
r a t e  o f  s y n th e s i s  o f  c h o l in e  from  m e th io n in e  in  l i v e r  was 0 .0 0 6  
m i l l im o le s  (mM) p e r  gram  p e r  m in u te  and th e  c h o l in e  t u r n  o v e r  was 
0 .1 4  m M /gm /m inute.
Rogene e_t a l .  (105) s t a t e d  t h a t  i n c r e a s in g  m e th io n in e  in  th e
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c h ic k  d i e t  d id  d e c re a s e  fo rm a te -C  u p ta k e  i n to  l i v e r  c h o l i n e .  I t
was c o n c lu d e d  t h a t  c h ic k s  d id  n o t  t r a n s f e r  m e th y l g ro u p s  from
14m e th io n in e  to  c h o l i n e .  F o rm ate-C  u p ta k e  i n t o  c h o l in e  in  th e  c h ic k  
l i v e r  was d e p e n d e n t upon th e  p re s e n c e  o f  a d e q u a te  d i e t a r y  s u p p l i e s  o f  
b o th  m e th io n in e  and B-j^• W ells  and Ramsey (128) f e l t  t h a t  m e th io n in e  
may n o t  be  an  in te r m e d ia te  i n  th e  in c o r p o r a t io n  o f  b e t a i n e - C ^  i n t o  
c h o l i n e .
B e s t  and R id o u t (13 ) d e m o n s tra te d  t h a t  p u r i f i e d  l e c i t h i n  was 
l i p o t r o p i c a l l y  a c t i v e  and c h o l in e  was th e  a c t i v e  com ponen t. C h o lin e  
i n h i b i t e d  th e  a c c u m u la tio n  o f  n e u t r a l  f a t  and c h o l e s t e r o l  e s t e r s  and 
a c c e l e r a t e d  t h e i r  d is a p p e a ra n c e  from  th e  l i v e r .  How ever, c h o l in e  d id  
n o t  f a v o r  f a t  a c c u m u la tio n  i n t o  th e  d e p o t f a t .  C h o lin e  and th ia m in e  
e x e r t e d  com plem en tary  e f f e c t s  on in c r e a s e d  w e ig h ts  i n  young r a t s .
The la c k  o f  c h o l i n e ,  oxygen and o th e r  f a c t o r s  w h ich  i n t e r f e r e  
w i th  th e  s y n th e s i s  o f  p h o s p h o lip id s  w ere p o te n t  c a u se s  o f  f a t t y  
d e c o m p o s itio n  a c c o rd in g  to  e x p e r im e n ts  by  D ixon (36 ) . A l a c k  o f  
c h o l in e  in  th e  d i e t  r e s u l t e d  i n  c h ro n ic  l i v e r  i n j u r y  i n  r a t s .  F a t t y
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l i v e r  may r e s u l t  in  c h o l in e  d e f i c ie n c y  from  in c r e a s e d  f a t  s y n t h e s i s ,  
d e c re a s e d  f a t  o x id a t io n  i n  th e  l i v e r ,  and in c r e a s e d  m o b i l i z a t i o n  from  
th e  l i v e r  to  o th e r  t i s s u e s  a c c o rd in g  t o  Artom ( 6 ) .
B oo th  ed: _ a l. (17 ) c o n d u c te d  e x p e r im e n ts  to  d e te rm in e  i f  f a t t y  
l i v e r s  c o u ld  be p ro d u ce d  i n  r a t s  d e f i c i e n t  in  c h o l in e  by a d d in g  g a l l i c  
a c id  and p y r o g a l lo l  to  a  d i e t  c o n ta in in g  m a rg in a l  am ounts o f  c h o l in e  
o r  m e th io n in e  p re v e n te d  f a t t y  l i v e r s .  R a ts  on a  low  m e th io n in e ,  low 
c h o l in e  d i e t  c o n ta in in g  one p e r c e n t  g a l l i c  a c id  d e v e lo p e d  f a t t y  l i v e r s . 
P y r o g a l lo l  d id  n o t  c a u se  f a t t y  l i v e r ;  t h e r e f o r e ,  g a l l i c  a c id  was 
b e l i e v e d  to  be m e th y la te d  i n  th e  a n im a ls  b o d y .
I t  was s t a t e d  by  S i n c l a i r  (113) t h a t  l i v e r  a c c o u n ts  f o r  o n e -h a l f  
o f  th e  f a t t y  a c id  o x id a t io n  by  th e  b o d y . F a t ty  l i v e r s  ca n  o c c u r  from  
p r o t e i n  d e f i c i e n c y ,  p y r id o x in e  d e f i c i e n c y ,  p o is o n in g  w i th  c h o l e s t e r o l ,  
a lc o h o l ,  e th i o n in e ,  c y s t e i n e ,  c h lo ro fo rm  o r  p h o sp h o ru s . C h o lin e  i s  
a l s o  e f f e c t i v e  h e r e .  The m ost p ro b a b le  c a u se  o f  f a t t y  l i v e r  i s  th e  
f a i l u r e  to  form  low d e n s i ty  l i p o p r o t e i n s . T h is  ca n  o c c u r  i f  th e r e  i s  
i n s u f f i c i e n t  p r o t e i n ,  c h o l e s t e r o l ,  p h o s p h o lip id  o r a  f a i l u r e  o f  th e  
m echanism  t h a t  j o in s  t h e s e  w i th  t r i g l y c e r i d e s  and r e l e a s e s  th e  l i p o ­
p r o te i n s  so  form ed i n t o  p la sm a .
The E f f e c t  o f  I o n iz in g  R a d ia t io n  on Amino A cids 
Amino a c id s  s u c h  as  m e th io n in e  and s e r i n e  p la y  an im p o r ta n t  r o l e  
i n  th e  fo rm a tio n  o f  t r im e th y la m in e .  Knowledge b a s ic  to  th e  a c t i o n  o f  
r a d i a t i o n  on amino a c id s  h as  b e e n  o b ta in e d  m a in ly  from  p r o t e i n s .
The m ost o b v io u s  e f f e c t  o f  io n iz in g  r a d i a t i o n  upon p r o te in s  i s  
th e  d e n a tu r a t io n  o f  th e  p r o t e i n  m o le c u le .  T h is  i s  s im i l a r  to  t h a t  
p ro d u ce d  by h e a t ,  a c id  o r  a l k a l i .  A d d i t io n  o f  e l e c t r o l y t e s  to  p r o t e i n
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s o lu t i o n s  b e f o r e  i r r a d i a t i o n  a c c e l e r a t e s  th e  d e n a tu r a t io n  p ro c e s s  ( 1 8 ) .  
B a rro n  and F i n k e l s t e i n  (8 ) r e p o r te d  t h a t  th e  p re s e n c e  o f  sodium  
c h l o r i d e ,  sodium  b ro m id e , sodium  n i t r a t e ,  and sodium  th io c y a n a te  w i th  
i o n ic  s t r e n g th s  o f  0 .1  M i n  0 .1  M a c e t a t e  b u f f e r  had a  r a d i a t i o n  
p r o t e c t i n g  e f f e c t  f o r  p r o te i n s  in  s o l u t i o n .
The e f f e c t  o f  pH upon i r r a d i a t e d  p r o te i n s  has b e e n  s tu d i e d  by  a  
num ber o f  i n v e s t i g a t o r s  ( 5 ,8 ,2 7 )  who have o b s e rv e d  t h a t  th e  a c tu a l  
c o a g u la t io n  p ro c e s s  w i l l  o c c u r  o n ly  i f  th e  pH o f  th e  s o lu t i o n  i s  n e a r  
t h a t  o f  th e  i s o e l e c t r i c  p o i n t .  T h is  i s  an o b s e r v a t io n  i n  ag reem en t 
w i th  s tu d i e s  o f  c o a g u la t io n  i n  g e n e r a l .  V i s c o s i ty  ch an g es d u r in g  
i r r a d i a t i o n  w ere a t t r i b u t e d  to  th e  pH o f  th e  s o l u t i o n  ( 5 ) .  S p l i t t i n g  
o f  th e  p r o t e i n  m o le c u le  ca n  be  p ro d u ced  d u r in g  i r r a d i a t i o n .  I r r a d i a ­
t i o n  o f  hem ocyanin  w i th  random  a lp h a  p a r t i c l e s  r e s u l t e d  i n  th e  
s p l i t t i n g  o f th e  p r o t e i n  m o le c u le  i n t o  h a lf - m o le c u le s  r e g a r d le s s  o f  
th e  te m p e ra tu re .  U n lik e  th e  hem ocyanin  m o le c u le , h em o g lo b in , and 
serum  a lbum in  u nderw en t no changes on i r r a d i a t i o n  i n  l i q u i d  a i r .  
H ow ever, a  c o n tin u o u s  s e r i e s  o f  low er and h ig h e r  m o le c u la r  w e ig h t 
s u b s ta n c e s  w ere o b s e rv e d  when i r r a d i a t i o n  was p e rfo rm ed  a t  room 
te m p e ra tu re  (124) .
The d e a m in a tio n  o f  amino a c id s  a p p e a rs  t o  be  a  c h a r a c t e r i s t i c  
a c t i o n  o f  io n iz in g  r a d i a t i o n .  T h a t amino a c id s  may be  d e s tro y e d  by  
i o n iz in g  r a d i a t i o n  has b e e n  known f o r  a t  l e a s t  26 y e a r s .  S te n s tro m  
and  Lohmann (122) e x p o sed  ty r o s in e  t o  X -ra y s  i n  1928 , and o b se rv e d  
t h a t  th e  d e a m in a tio n  p ro ce d e d  w i th  an  i o n ic  y i e l d  o f  1 /6 ,  w here th e  
i o n ic  y i e l d  i s  d e f in e d  by  M/N, i n  w h ich  M i s  th e  num ber o f  t y r o s in e  
m o le c u le s  a l t e r e d ,  and N i s  th e  number o f  i o n ic  p a i r s  p ro d u c e d .
L ie b e n  and U rban (75) r e p o r t e d  t h a t  th e  r a t e  o f  d e a m in a tio n  v a r i e s
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from  compound to  compound, and th e  ammonia c le a v a g e  p ro d u ce d  more 
r a p i d l y  in  a c id  s o l u t i o n  th a n  in  a l k a l i n e  s o l u t i o n .
D ale  e t  a l .  (31 ) m easu red  th e  am ount o f  ammonia d e r iv e d  from  
am ino a c id s  a f t e r  e x p o su re  to  an  X -ra y  do se  o f  166 k r a d .  The r e s u l t s  
w ere a s  f o l lo w s :
The v a lu e s  show t h a t  a lp h a  am ino a c id s  g ly c in e ,  a r g i n i n e ,  and 
a la n in e  w ere d ea m in a te d  to  a b o u t th e  same e x t e n t ,  w h ereas  th e  deam ina­
t i o n  o f  h i s t i d i n e  was h ig h e r .  T h is  l a r g e  v a lu e  f o r  h i s t i d i n e  may be 
due to  th e  c o n t r i b u t i o n  from  th e  g ly o x a l in e  p o r t i o n  o f  th e  m o le c u le , 
s in c e  g ly o x a l in e  c o u ld  i t s e l f  y i e l d  a  c e r t a i n  amount o f  ammonia. I f  
th e  amino g ro u p  was in  th e  b e t a - p o s i t i o n  as  i n  b e t a - a l a n i n e ,  th e  
r e s i s t a n c e  t o  d e a m in a tio n  w ould be  in c r e a s e d  as  i s  shown by  th e  
d i f f e r e n c e  i n  y i e l d  o f ammonia b e tw een  a lp h a -a n d  b e t a - a l a n i n e .  
R e s i s ta n c e  to  d e a m in a tio n  was a l s o  shown when h y d r o c h lo r ic  a c id  was 
added  to  th e  amino a c id  s o l u t i o n .
P r o c to r  and B h a t ia  (9 7 ) o b se rv e d  th e  e f f e c t s  o f  v a r io u s  d o ses  
o f  c a th o d e  r a y s  on aqueous s o lu t i o n s  o f  t ry p to p h a n ;  p h e n y la la n in e ,  
t y r o s i n e ,  and c y s t in e  i n  v a r io u s  c o n c e n t r a t i o n s .  The i n t e n s i t y  o f  
th e  c o lo r  ch an g es o b s e rv e d  f o r  t ry p to p h a n ,  p h e n y la la n in e ,  and ty r o s in e  
in c r e a s e d  p r o g r e s s iv e ly  w i th  i n c r e a s in g  c o n c e n t r a t io n s  a t  a  c o n s ta n t  
d o s e , and a l s o  w i th  i n c r e a s in g  dose  a t  a  c o n s ta n t  c o n c e n t r a t io n .  
How ever, t h e r e  was no c o lo r  change o b se rv e d  f o r  i r r a d i a t e d  c y s t i n e .
Amino a c id s  w ere  decom posed e x p o n e n t i a l l y  to  th e  h ig h e r  d o se s  o f
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i r r a d i a t i o n .  The d i f f e r e n c e  i n  th e  amino a c id  c o n te n t  o f  th e  s o l u t i o n  
b e f o r e  and a f t e r  i r r a d i a t i o n  was d e te rm in e d  m i c r o b io l o g ic a l l y . The 
d i l u t e  s o lu t io n s  w ere r e l a t i v e l y  m ore a f f e c t e d  by a  g iv e n  dose  th a n  
th e  c o n c e n t r a te d  s o l u t i o n s .  The o r d e r  o f d e a m in a tio n  o f  some amino 
a c id s  have b e e n  d e te rm in e d  to  b e  as fo l lo w s :  h i s t i d i n e ,  c y s t i n e ,
p h e n y la la n in e ,  t y r o s i n e  and t ry p to p h a n  ( 9 5 ) .
When c y s te in e  h y d ro c h lo r id e  o r  g l u ta th i o n e  in  t h e i r  re d u c e d  form  
w ere i r r a d i a t e d ,  h y d rogen  s u l f i d e  was l i b e r a t e d .  The p ro d u c t io n  o f  
h yd rogen  s u l f i d e  f o r  a  g iv e n  c o n c e n t r a t io n  was d i r e c t l y  p r o p o r t io n a l  
to  th e  X -ray  d o s e . H ow ever, th e  y i e l d  o f  hy d ro g en  s u l f i d e  was 
d e p e n d en t upon th e  c o n c e n t r a t io n  o f  s o lu t e  and upon th e  h y d ro g e n - io n  
c o n c e n t r a t io n ,  and i t s  y i e l d  in c r e a s e d  w i th  in c r e a s in g  c o n c e n t r a t io n s  
( 3 2 ) .
Johnson  e t  _al. (66) o b s e rv e d  t h a t  i r r a d i a t i o n  o f  amino a c id s  i n  
th e  p re s e n c e  o f  oxygen p ro d u ced  p y ru v ic  a c i d .  Arnow (5 ) n o te d  t h a t  
p h e n y la la n in e  s o l u t i o n s  becam e p ig m en ted  upon i r r a d i a t i o n .  The 
a b s o r p t io n  sp e c tru m  o f  t ry p to p h a n  a f t e r  i r r a d i a t i o n  i n d ic a te d  th e  
in d o le  r i n g  o f  t ry p to p h a n  had b e e n  o p e n e d . J a y so n  est _al. (65 ) 
r e p o r t e d  t h a t  th e  in d o le  r i n g  o f  t ry p to p h a n  had  b e e n  opened  upon 
i r r a d i a t i o n  to  fo rm  fo rm y lk y n u re n in e .
P r o c to r  and B h a t ia  (92 ) i r r a d i a t e d  haddock  f i l l e t s  w i th  v a r io u s  
d o ses  (9 0 0 ,0 0 0 ; 2 ,7 0 0 ,0 0 0 ;  and 5 ,7 0 0 ,0 0 0  r . e . p . ,  ro e n tg e n  e q u iv a l e n t  
p h y s ic a l )  o f  c a th o d e  r a y s .  A t h ig h e r  d o s e s ,  t h e r e  was a  cooked  and 
m o d if ie d  o d o r , and th e  f l e s h  was v e ry  f r a g i l e  and b le a c h e d  in  
a p p e a ra n c e . The am ino a c id  d e s t r u c t i o n  was d e te rm in e d  f o r  t e n  e s s e n ­
t i a l  amino a c id s ;  n am ely , a r g i n i n e ,  h i s t i d i n e ,  l e u c i n e ,  l y s i n e ,  
m e th io n in e ,  p h e n y la la n in e ,  t h e r o n i n e ,  t r y p to p h a n ,  v a l i n e ,  and c y s t i n e .
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The d a ta  showed no s i g n i f i c a n t  d e s t r u c t i o n  o f  any o f  th e s e  amino a c id s .
B h a t ia  and P ro c to r  (14) s u g g e s te d  t h a t  th e  p r o t e c t i o n  o f  amino 
a c id s  from  d e s t r u c t i o n  by  c a th o d e  r a y s  may r e s u l t  b e c a u s e  th e y  a r e  n o t  
a f f e c t e d  in  c o n c e n t r a t io n s  i n  w h ich  th e y  a r e  p r e s e n t  i n  f i s h  p r o t e i n ,  
o r  t h a t  th e y  a r e  p r o te c te d  by th e  n a t i v e  e n v iro n m e n t w h ich  c o n ta in  a 
number o f  compounds t h a t  a r e  c a p a b le  o f  r e a c t i n g  w i th  th e  p ro d u c ts  o f  
i r r a d i a t i o n .  B ra s c h  and Huber (19) i r r a d i a t e d  b o v in e  p lasm a  a lb u m in  
a t  -50°C  w i th  700 ,0 0 0  r . e . p .  in  th e  form  o f  h ig h  sp e e d  e l e c t r o n s  a t  
room te m p e ra tu re .  A t -50°C  i r r a d i a t i o n  had  l i t t l e  e f f e c t  on th e  p lasm a 
w h e re a s , a t  room te m p e ra tu re  p ro fo u n d  c h a n g es  w ere p ro d u c e d .
P r o c to r  et al. (96) p re v e n te d  th e  u n d e s i r a b le  e f f e c t s  r e s u l t i n g  
from  r a d i a t i o n  s t e r i l i z a t i o n  by  com bin ing  th e  s o l u t e  w i th  compounds 
t h a t  w ould  com pete f o r  th e  f r e e  r a d i c a l s  w h ic h  a r e  fo rm ed  and th u s  
p r o t e c t  th e  s o l u t e .  T h is  p r o t e c t i o n  c a n n o t b e  s im p ly  a s c r ib e d  to  an  
o x id a t io n - r e d u c t io n  r e a c t i o n ,  b e c a u s e  n i a c i n ,  w h ich  i s  r e s i s t a n t  to  
o x id a t io n  by  io n iz in g  r a d i a t i o n ,  o f f e r s  p r o t e c t i o n .
R o n s i v a l l i  e t  _a l. (106) r e p o r t e d  t h a t  i r r a d i a t i o n  a t  optimum 
dose  l e v e l  d id  n o t  s i g n i f i c a n t l y  e f f e c t  am ino a c id  and B -v ita m in s  in  
haddock f i l l e t s  and c ra b m e a t e x c e p t  f o r  some l o s s  o f  th ia m in e .  When 
p r o t e i n  s o lu t i o n s  w ere i r r a d i a t e d  i n  th e  p re s e n c e  o f  oxyg en , th e  b re a k  
i n  th e  p e p t id e  c h a in  was n o t  th e  u s u a l  h y d r o ly t i c  b r e a k ,  b u t  o c c u r r e d  
be tw een  N-C bonds to  form  am ides and c a rb o n y ls  (4 7 ) . M e r r i t t  e_t a l . 
(79 ) r e p o r t e d  t h a t  th e  m a jo r  and u n i v e r s a l  p ro d u c t  o f  amino a c id  
i r r a d i a t i o n  i s  c a rb o n  d io x id e ,  w h ich  i s  p ro d u c e d  i n  l a r g e  q u a n t i t i e s .  
D e c a rb o x y la tio n  i s  a p p a r e n t ly  th e  m a jo r  e f f e c t  in d u c e d  by  th e  r a d i a ­
t i o n .  The o th e r  v o l a t i l e  com pounds, i f  a n y , a r e  th e  e x p e c te d  
d e c o m p o s itio n  p ro d u c ts  w h ich  may a r i s e  from  c le a v a g e  o f  s id e  c h a in
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m o i e t i e s .  Among s u l f u r  amino a c i d s ,  h yd rogen  s u l f i d e  i s  a  l i k e l y  
d e r i v a t i v e  o f  c y s t e i n e ,  and d im e th y l s u l f id e  from  c y s t i n e .  The 
fo rm a tio n  o f  d im e th y l s u l f id e  from  m e th io n in e  i s  r e a d i l y  deduced  from  
e x p e c te d  re c o m b in a t io n s  o f  th io m e th y l -  and m e th y l - f r e e  r a d i c a l s .
Hannan (52) s tu d i e d  th e  e f f e c t  o f  te m p e ra tu re  on amino a c id s  and 
p e p t id e s  and fo und  t h a t  i r r a d i a t i o n  f l a v o r  was p ro d u ce d  a t  b o th  20° 
and -8 0 °C . H e n r ik se n  o b s e rv e d  (56) t h a t  th e  p re s e n c e  o f  oxygen 
h in d e re d  th e  fo rm a tio n  o f  s u l f u r - f r e e  r a d i c a l s .
When g round  b e e f  was s u b je c te d  to  gamma r a d i a t i o n  a t  a  dosage  o f
0 .5  x 10 r . e . p . ,  t h e r e  was an a p p r e c ia b le  r e d u c t io n  o f s o lu b le
p r o t e i n  and s im u lta n e o u s  i n c r e a s e  in  th e  n o n - p r o te in  n i t r o g e n  
compounds in  th e  m eat (110) . S tu d ie s  on c h e m ic a l ch an g es i n  f a t  
p ig m en ts  have r e v e a le d  t h a t  th e  m yog lob in  may b e  o x id iz e d  t o  metmyo- 
g lo b in  d u r in g  i r r a d i a t i o n  ( o x id a t io n  o f  f e r r o u s  i r o n  t o  f e r r i c  i r o n )  
o r  may be  changed  to  a  g re e n  p ig m e n t. A b s o rp tio n  c u rv e s  on i r r a d i a t e d  
w a te r  e x t r a c t s  o f  m eat s u g g e s te d  t h a t  oxym yoglobin  was fo rm ed  d u r in g  
i r r a d i a t i o n .  Some e x t r a c t s  becam e g re e n  d u r in g  i r r a d i a t i o n ,  
a p p a r e n t ly  due to  th e  fo rm a tio n  o f  a  compound w h ich  a b s o rb s  l i g h t  i n  
th e  r e g io n  o f  610 -620  mji. I t  i s  l i k e l y  t h a t  th e  g re e n  compound was 
fo rm ed  a t  th e  ex p en se  o f m etm y o g lo b in .
The E f f e c t  o f I o n iz in g  R a d ia t io n  on V ita m in s
The d e s t r u c t i v e  e f f e c t  o f  r a d i a t i o n  on v i ta m in s  as  g e n e r a l ly  
known i s  v a r i a b l e  from  fo o d  to  fo o d , and i s  d e p e n d e n t on c o n d i t io n s  . 
a t  th e  tim e  o f  i r r a d i a t i o n .  P y r id o x a l  p h o sp h a te  ( v i ta m in  B^) i s  th e  
co-enzym e r e q u i r e d  i n  th e  d e c a r b o x y la t io n  o f  p h o s p h a tid y l  s e r i n e  to  
form  p h o s p h a tid y l  e th a n o la m in e . P h o s p h a tid y l  e th a n o la m in e  i s  one o f
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th e  i n te r m e d ia te s  i n  th e  fo rm a tio n  o f  t r im e th y la m in e .  H ow ever, th e  
m echanism  o f  d e s t r u c t i o n  o f  v i ta m in  B^ and o t h e r  v i ta m in s  by  io n iz in g  
r a d i a t i o n  g e n e r a l l y  rem a in s  o b s c u re .
The r a d i o s e n s i t i v i t y  o f  v i ta m in  Bg (p y r id o x in e )  a p p e a rs  to  be  
b e tw een  t h a t  o f  th ia m in e  and r i b o f l a v i n ,  w i th  o n ly  27% o f  p y r id o x in e  
b e in g  d e s tr o y e d  i n  b e e f  a t  3 ,0 0 0  k r a d  ( 1 0 8 ) ,  w h ile  a t  6 ,0 0 0  k ra d  a 
r e d u c t io n  o f  57% r e s u l t e d  (1 0 8 ) .  I n  one s tu d y ,  i t  was found  t h a t  b e e f  
l i v e r ,  c h ic k e n , c a b b a g e , and g re e n  b e a n s  s to r e d  f o r  s i x  m onths a f t e r  
s t e r i l i z a t i o n  a t  a  dose  o f 5 ,5 8 0  k r a d  r e t a i n e d  m ore Bg th a n  d id  h e a t  
p ro c e s s e d  c o n t r o l s  (1 0 3 ) .
A s c o rb ic  a c id  i s  a  w a te r  s o lu b le  v i ta m in  w h ich  i s  r e l a t i v e l y  
s e n s i t i v e  t o  io n iz in g  r a d i a t i o n .  The l o s s  o f  t h i s  v i ta m in  i s  much 
s m a l le r  i n  o ran g e  j u ic e  and m ilk  ( 7 2 ) ,  th a n  i n  th e  o x a l i c  a c id  
s o l u t i o n s ,  i l l u s t r a t i n g  th e  p r o t e c t i v e  e f f e c t  o f  s u b s ta n c e s  p r e s e n t  
w i th  th e  v i ta m in  i n  i t s  n a t u r a l  s t a t e .  E x te n s iv e  o x id a t io n  o f  
a s c o r b ic  a c id  t o  d e h y d ro a s c o rb ic  a c id  o c c u r r e d  when p e a ch e s  w ere 
i r r a d i a t e d  a t  200 k r a d  ( 9 8 ) ,  and i t  a p p e a rs  t h a t  d e h y d ro a s c o rb ic  a c id  
i s  th e  m ost t y p i c a l  i r r a d i a t i o n  p ro d u c t  ( 9 4 ) .
T h iam ine  i n  fo o d s  h as  b e e n  r e p o r t e d  by  many i n v e s t i g a t o r s  to  be  
q u i t e  r a d i o l a b i l e .  A t a  c o n c e n t r a t io n  o f  2 x  10"^M th ia m in e  i s  
d e s t r o y e d  c o m p le te ly  by  a b o u t 6 0 -70  k ra d  o f  gamma r a y s  ( 3 ) .  No 
e x p e r im e n ts  have  b e e n  r e p o r t e d  f o r  d e te rm in in g  th e  m echanism  o f  
d e s t r u c t i o n .  I n  b e e f  i r r a d i a t e d  a t  1 ,0 0 0  k ra d  34% o f  th e  th ia m in e  
was d e s t r o y e d .  A t 3 ,0 0 0  k ra d  79% was i n a c t i v a t e d  ( 1 2 6 ) .  A s i m i l a r  
d e g re e  o f  r a d i o s e n s i t i v i t y  o f  th ia m in e  was a l s o  o b s e rv e d  i n  p o rk , 
c h ic k e n ,  and tu n a  ( 2 4 ,1 2 6 ) .
R ib o f la v in  and n i a c i n  a p p e a r  to  be  r e l a t i v e l y  s t a b l e  i n  fo o d s
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p ro c e s s e d  by  e i t h e r  i o n iz in g  r a d i a t i o n  o r  h e a t  ( 9 8 ) .  F o r ex am p le , i n  
b e e f  and p o rk , d e s t r u c t i o n  o f  e i t h e r  v i ta m in  a t  1 ,0 0 0  k ra d  was n o t  
a p p a r e n t ,  and o n ly  a b o u t 307. d e s t r u c t i o n  o c c u r re d  a t  3 ,0 0 0  k r a d .  
R ib o f la v in  a t  a  c o n c e n t r a t io n  o f  2 x  10"^M i s  t o t a l l y  d e s tr o y e d  by 
a b o u t 80 k ra d  o f  gamma ra y s  ( 3 ) .  T h is  d i l u t i o n  o f  th e  v i ta m in  
r e s u l t e d  i n  a  g r e a t e r  p e rc e n ta g e  o f d e s t r u c t i o n ,  show ing t h a t  th e  
p r im a ry  a c t i o n  o f  th e  io n iz in g  r a d i a t i o n  i s  on th e  s o lv e n t  m o le c u le s .  
F o r s i m i l a r  r e a s o n s ,  r i b o f l a v i n  was found  by  K ing and  h i s  c o -w o rk e rs
(72 ) t o  be much more r e s i s t a n t  when i r r a d i a t e d  in  m ilk  th a n  as th e  
s o le  s o l u t e .
The m ost r e s i s t a n t  o f  th e  v i ta m in s  to  i o n iz in g  r a d i a t i o n s  i s
n i a c i n ,  w h ich  i s  a l s o  th e  m ost s t a b l e  c h e m ic a l ly .  I t  i s  n o t
c o m p le te ly  d e s tr o y e d  when i r r a d i a t e d  b y  200 k r a d  o f  gamma r a y s ,  a t  a
- 4c o n c e n t r a t io n  o f  2 x  10 M ( 3 ) .
I n  th e  f a t  s o lu b le  v i ta m in s ,  v i ta m in  A and c a ro te n e  a re  q u i t e  
s e n s i t i v e  to  th e  e f f e c t s  o f  r a d i a t i o n  and th e  amount o f  d e s t r u c t i o n  i s  
m ark e d ly  in f lu e n c e d  b y  th e  m ed ia  a t  th e  tim e  o f  r a d i a t i o n .  The r a t e  
o f  v i ta m in  d e s t r u c t i o n  i n  v a r io u s  fo o d s  o c c u r r e d  in  th e  fo llo w in g  
o r d e r ;  b u t t e r ,  c ream  c h e e s e ,  c h e d d a r  c h e e s e ,  c ream  and m a rg a r in e .  
T here  was an  80% d e c re a s e  o f  v i ta m in  A i n  b u t t e r  com pared to  o n ly  a  
25% r e d u c t io n  i n  m a rg a r in e  ( 7 2 ) .  I t  i s  known t h a t  o x id a t iv e  d e s t r u c ­
t i o n  i s  g r e a t e r  when c a r o te n e s  a r e  d i s s o lv e d  i n  u n s a tu r a te d  l i p i d s  o r  
l i p i d  s o lv e n t s  a t  th e  tim e  o f  i r r a d i a t i o n  (126) .
S tu d ie s  o f  th e  r a d i a t i o n  e f f e c t s  on v i ta m in  D a r e  somewhat 
l a c k in g ,  b u t  t h e r e  i s  e v id e n c e  t h a t  t h i s  v i ta m in  i s  c o m p le te ly  
d e s tro y e d  (1 0 2 ) .  How ever, t h i s  s h o u ld  n o t  b e  a  p ro b lem  b e c a u se  th e  
fo o d s  t h a t  a r e  th e  p r i n c i p a l  s o u rc e s  o f  v i ta m in  D i n  th e  human d i e t
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(eg g  y o lk ,  b u t t e r ,  and f o r t i f i e d  m ilk )  a r e  n o t  a c c e p ta b le  p ro d u c ts  f o r  
r a d i a t i o n  s t e r i l i z a t i o n .
V ita m in  E ( to c o p h e ro l )  i s  an e x c e l l e n t  a n t i o x id a n t ,  and s h o u ld  be 
e x p e c te d  to  p r o t e c t  o th e r  s u b s ta n c e s  i n  s o l u t i o n .  F o r e x am p le , v e ry  
low c o n c e n t r a t io n s  o f  to c o p h e r o l  s e rv e  to  p r e v e n t  i r r a d i a t i o n  in d u ce d  
a u to x id a t io n  o f  m e th y l l i n o l e a t e  (99 ) . I r r a d i a t i o n  o f  b e e f  u n d e r 
a n a e ro b ic  c o n d i t io n s  c a u se d  no a p p a re n t  d e s t r u c t i o n  o f  v i ta m in  E , b u t  
when s u b je c te d  to  r a d i a t i o n  i n  a i r ,  40% o f  th e  v i ta m in  was d e s tr o y e d  
( 9 9 ) .  V ita m in  E was a l s o  d e s t r o y e d  by  h e a t in g  in  th e  p re s e n c e  o f  
o x y g en , b u t  a n a e ro b ic  h e a t in g  a t  te m p e ra tu re s  o f  b e lo w  250°C d id  n o t  
g r e a t l y  e f f e c t  th e  v i ta m in  (1 0 7 ) .
V ita m in  K e x i s t s  i n  s e v e r a l  fo rm s , some o f  w h ich  a r e  e x tre m e ly  
s e n s i t i v e  to  io n iz in g  r a d i a t i o n .  I n  b e e f ,  w h ich  i s  a  poor s o u rc e  o f  
v i ta m in  K, i t  was a lm o s t t o t a l l y  d e s t r o y e d  by  r a d i a t i o n  ( 8 0 ) .  However, 
v i ta m in  K i n  v e g e ta b le s  i s  v i r t u a l l y  u n a f f e c te d  by  c h e m ic a l e f f e c t s  o f  
r a d i a t i o n  a t  d o se s  as  h ig h  as  5 ,5 8 0  k r a d  (1 0 3 ) .
From th e s e  s t u d i e s ,  i t  c a n  be s e e n  t h a t  a l l  th e  v i ta m in s  a r e  
s u s c e p ta b le  t o  some e x te n t  o f  d e s t r u c t i o n ,  by  io n iz in g  r a d i a t i o n .  The 
m echanism s o f  d e s t r u c t i o n  a r e  l a r g e l y  unknow n. The am ount o f  d e s t r u c ­
t i o n  may b e  c o n t r o l l e d  by  r e g u l a t i n g  c o n d i t io n s  a t  th e  tim e  o f  
i r r a d i a t i o n .  The v i ta m in s  a r e  more r e s i s t a n t  t o  d e s t r u c t i o n  when 
i r r a d i a t e d  in  t h e i r  n a t u r a l  s t a t e  ( 4 5 ) .
The E f f e c t s  o f  I o n iz in g  R a d ia t io n  on L ip id s  
I n  re v ie w in g  th e  e f f e c t s  o f  io n iz in g  r a d i a t i o n  on l i p i d s  one i s  
s u r p r i s e d  f i r s t  b y  th e  p a u c i ty  o f  in f o r m a t io n ,  and  se co n d  b y  th e  
d i v e r s i t y  o f  c o n d i t io n s  and  te c h n iq u e s  em ployed  by d i f f e r e n t  w o rk e rs
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on a  r e l a t i v e l y  sm a ll  num ber o f  com pounds. A lth o u g h  th e  d i f f e r e n t  
ty p e s  o f  io n iz in g  r a d i a t i o n  ( a lp h a ,  b e t a ,  gamma, and X -ra y s )  a r e  n o t  
e x p e c te d  to  p roduce  q u a l i t a t i v e l y  d i f f e r e n t  e f f e c t s ,  th e  e n v iro n m en t 
o f  th e  s u b s t r a t e  d u r in g  i r r a d i a t i o n  i s  o f  p r im a ry  im p o rta n c e  ( 7 8 ) .  
S u b s ta n c e s  can  be  i r r a d i a t e d  i n  th e  s o l i d ,  l i q u i d ,  o r  g a seo u s  s t a t e ,  
i n  a  s o lu t i o n  o r  e m u ls io n , i n  th e  p re s e n c e  o f  oxygen , i n e r t  g a se s  o r  
i n  a  vacuum .
I r r a d i a t i o n  o f  p u re  s a t u r a t e d  f a t t y  a c id s  in  th e  a b sen ce  o f  
oxygen and w a te r  w i th  a lp h a  p a r t i c l e s  r e s u l t e d  in  th e  fo rm a tio n  o f  a  
num ber o f  r e c o g n iz a b le  p ro d u c ts  ( 6 1 ,1 1 1 ) .  The gas p hase  c o n s i s t e d  o f  
v a ry in g  am ounts o f  h y d ro g e n , CO2 , CO, w a te r  and v o l a t i l e  h y d ro c a rb o n s . 
S h o r t  c h a in  w a te r  s o lu b le  f a t t y  a c id s  w ere  a l s o  p ro d u ced  in  th e  
r e a c t i o n ,  b u t  th e  m ain  n o n - v o l a t i l e  p ro d u c t  seem ed to  be  th e  s im p le  
p a r a f f i n  h y d ro ca rb o n  fo rm ed  i n  th e  d e c a r b o x y la t io n  r e a c t i o n .
R-COOH -----> RH + C02
As th e  c h a in  l e n g th  o f  th e  a c id  i s  in c r e a s e d  ( i n  th e  s e r i e s  o f  
a c e t i c ,  p r o p io n ic ,  c a p r y l i c ,  l a u r i c ,  and  p a lm i t i c )  th e  y i e l d  o f  
h y d ro g en  in c r e a s e s  o v e r  t h a t  o f  v o l a t i l e  c a rb o n  compounds show ing t h a t  
d e h y d ro g e n a tio n  may o c c u r  i n  th e  a b se n c e  o f  d e c a r b o x y la t io n  (131) . 
I r r a d i a t i o n  o f  h y d ro c a rb o n s  may p ro d u ce  s a t u r a t e d  o r  p o ly u n s a tu r a te d  
lo n g  c h a in  f a t t y  a c id s  ( 1 3 1 ) .  Hannan and  h i s  c o -w o rk e rs  r e p o r t e d  
(5 0 ,5 1 )  t h a t  when b u t t e r  f a t  was i r r a d i a t e d  w i th  1 .2  mev e le c t r o n s  a t  
4 x 10 r . e . p .  p e r  m in u te  an i n c r e a s e d  s u s c e p t i b i l i t y  to  a u to x id a t io n  
r e s u l t e d .  C o n s e q u e n tly , a  d e c re a s e d  in d u c t io n  p e r io d  fo llo w e d  
i r r a d i a t i o n .  T h is  e f f e c t  was p ro b a b ly  th e  r e s u l t  o f  d e s t r u c t i o n  o f  
n a t u r a l  a n t i o x id a n t s .
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R einhand  and B uchw ald (101) and H e ig e r  (54) d is c u s s e d  th e  
p o s s ib le  d e s t r u c t i o n  o f  c h o l e s t e r o l  i n  s o l u t i o n  by X -ra y  i r r a d i a t i o n .  
The o r i g i n a l  e x p e r im e n ts  w ere  c o n d u c te d  on a  c h lo ro fo rm  s o l u t i o n  i n  
w h ic h  c h o l e s t e r o l  was d e s t r o y e d  by  th e  d e c o m p o s itio n  p ro d u c ts  o f  th e  
s o l v e n t .  D e s t r u c t io n  a l s o  o c c u r r e d  i n  c a rb o n  t e t r a c h l o r i d e  and 
brom oform  b u t  n o t  i n  any o f  th e  o rg a n ic  s o lv e n t s  u s e d .
The s tu d y  o f  th e  e f f e c t s  o f  io n iz in g  r a d i a t i o n  on c ru d e  l i p i d s  
i s  c o m p lic a te d  by th e  g r e a t  v a r i e t y  o f  r e a c t i o n s  w h ich  ca n  ta k e  p la c e  
among th e  v a r io u s  com ponents o f  th e  m ix tu r e .  Shewan and L is to n  (112) 
s tu d i e d  th e  e f f e c t s  o f  h ig h  i n t e n s i t y  e l e c t r o n  b u r s t s  upon v a r io u s  
v e g e ta b le  and f i s h  o i l s .  A l l  v e g e ta b le  o i l s  ( c o t t o n ,  c a s t o r  l in s e e d )  
showed s l i g h t  i n c r e a s e s  i n  p e ro x id e  and a c id  v a lu e s  fo l lo w in g  e x p o su re
g
to  1 .5  x  10 r . e . p .  A l l  th e  f i s h  o i l s  (cod  l i v e r  h e r r i n g ,  and w h a le ) 
a l s o  showed in c r e a s e d  p e ro x id e  fo rm a tio n  f o l lo w in g  i r r a d i a t i o n .  When 
i r r a d i a t i o n  was c o n d u c te d  u n d e r n i t r o g e n  o r  jln  v a c u o , th e  p e ro x id e  was 
n o t  fo rm e d . I n  g e n e r a l ,  i t  c a n  be  s a i d  t h a t  th e  e f f e c t s  o f  io n iz in g  
r a d i a t i o n  on l i p i d s  i s  f i r s t ,  th e  d e s t r u c t i o n  o f  n a t u r a l l y  o c c u r r in g  
a n t i o x i d a n t s ,  th e n  th e  f o rm a tio n  o f  p e r o x id e s ,  and f i n a l l y ,  p a r t i a l  
p o ly m e r iz a t io n  and b reakdow n t o  c a rb o n y l  compounds and a c i d s .
I r r a d i a t i o n  o f  l i p i d s  and f a t s  r e s u l t e d  i n  th e  p r o d u c t io n  o f  
c a rb o n y ls  and o th e r  o x id a t io n  p ro d u c ts  s u c h  as  p e ro x id e s  form ed i n  th e  
p re s e n c e  o f  oxygen  ( 1 1 ,1 1 9 ) .  The u n d e s i r a b le  od o r and f l a v o r  ch an g es 
a r e  th e  m ost common p ro b lem s o f  i r r a d i a t e d  m e a ts ,  and o th e r  h ig h  
p r o t e i n  f o o d s .  The s t u d i e s  on i r r a d i a t e d  b e e f  by M e r r i t t  j s t  _al. (79) 
and  Wick e t  a l .  (132) r e v e a le d  t h a t  th e  f o l lo w in g  compounds w ere 
p r e s e n t  i n  th e  v o l a t i l e s :  a c e ta ld e h y d e ,  a c e to n e ,  m e th y l e t h y l  k e to n e ,
m e th a n o l, e th a n o l ,  m e th y l m e rc a p ta n , d im e th y l s u l f i d e ,  e t h y l  m e rc a p ta n ,
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i s o b u t y l  m e rc a p ta n , n o n a n o l, o c t a n o l ,  m e th io n o l and h y d ro c a rb o n s . I t  
i s  n o t  known w h e th e r  a l l  o r  o n ly  a  few  o f  them  a re  in v o lv e d  i n  th e  
a c tu a l  o d o r .
A nim al f a t s  a r e  m ore s u s c e p t ib l e  to  change  from  i r r a d i a t i o n  th a n  
v e g e ta b le  f a t s ,  b u t  th e s e  can  be re d u c e d  by  low te m p e ra tu re  and e x c lu ­
s io n  o f  oxyg en . When i r r a d i a t e d  a t  5 ,0 0 0  k r a d ,  th e  r a t e  o f  d i g e s t i o n  
and  a b s o r p t io n  o f  f a t s  was s l i g h t l y  r e d u c e d , b u t  t h i s  had no g r e a t  
n u t r i t i o n a l  s ig n i f i c a n c e  (82 ) . The m echanism  o f  i r r a d i a t i o n  damage i n  
l i p i d s  a p p e a rs  to  be  c a u se d  p r im a r ly  by  r a d i a t i o n  in d u c e d  d i r e c t  
c le a v a g e  o f  c a rb o n  bonds to  fo rm  a lk y l  f r e e  r a d i c a l s .
I t  i s  o f  i n t e r e s t  t o  n o t e ,  how ever, t h a t  th e  m ost s i g n i f i c a n t  
f in d in g s  r e p o r t e d  w ere from  fe e d in g  r a t s  a  d i e t  o f  i r r a d i a t e d  c a s e i n ,  
s t a r c h ,  and c o rn  o i l .  I r r a d i a t i o n  o f  s t a r c h  re d u c e s  i t s  d i g e s t i b i l i t y  
i n  r a t s .  However th e  d i g e s t i b i l i t y  o f  i r r a d i a t e d  s t a r c h  was im proved  
by  th e  p re s e n c e  o f  i r r a d i a t e d  f a t  i n  th e  d i e t .  T h is  c o u ld  b e  c a u se d  
by  th e  lo n g e r  r e t e n t i o n  o f  fo o d  i n  th e  i n t e s t i n e  when i r r a d i a t e d  f a t  
i s  in c lu d e d  i n  th e  d i e t  ( 8 3 ) .
The E f f e c t  o f  I o n iz in g  R a d ia t io n  on Enzymes
A lth o u g h  num erous i n v e s t i g a t i o n s  had b e e n  c o n d u c te d  on i r r a d i a ­
t i o n  o f  enzym es p r i o r  to  1940 , th e  e a r l y  s tu d i e s  w ere o f  q u a l i t a t i v e  
n a t u r e .  R e l a t i v e l y  l a r g e  d o se s  o f  r a d i a t i o n  w ere r e q u i r e d  to  p roduce  
d e l e t e r i o u s  e f f e c t s  on c ru d e  enzyme p r e p a r a t i o n s . D ale  (30 ) made an 
o b s e r v a t io n  t h a t  c r y s t a l l i n e  c a rb o x y p e p tid a s e  and p a r t i a l l y  p u r i f i e d  
p o ly p h e n o lo x id a s e  c o u ld  be i n a c t i v a t e d  by X -ra y  d o s e s .
The i n v e s t i g a t i o n s  o f  B a r ro n  and h i s  c o l le a g u e s  ( 7 ,9 )  on th e  
m echanism  o f  a c t i o n  o f  i o n iz in g  r a d i a t i o n  have l e d  them  to  c o n c lu d e
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t h a t  i n h i b i t i o n  o f  s u lp h y d r y l  enzym es by  OH, ^ 0 ,  a lo n g  w i th  H2O2 , I s  
o f  prim e im p o rta n c e  in  b i o l o g i c a l  s y s te m s . T h ese  w o rk e rs  assum ed t h a t  
enzym es w h ic h  r e q u i r e  f r e e  SH g ro u p s  f o r  a c t i v i t y  a r e  r e n d e r e d  i n a c t i v e  
by  o x id a t io n  o f  th e s e  g ro u p s .  They fo u n d  t h a t  p h o sp h o g ly c e ra ld e h y d e  
d e h y d ro g e n a se , y e a s t  h e x o k in a s e , s u c c in i c  o x id a s e ,  a d e n o s in e  t r i p h o -  
p h a ta s e ,  u r e a s e ,  and y e a s t  a lc o h o l  d e h y d ro g e n a se  w ere  m ore s e n s i t i v e  
t o  r a d i a t i o n  th a n  c e r t a i n  n o n - s u lp h y d ry l  enzym es su c h  as t r y p s i n ,  
c a t a l a s e  and r i b o n u c l e a s e .
B ie r  and Nord (15) r e p o r t e d  t h a t  th e  e f f e c t  o f  i o n iz in g  
r a d i a t i o n  on enzym es i n  an  aqueous s o l u t i o n  i s  much m ore com plex th a n  
on enzym es i n  d ry  s t a t e .  The am ount o f  r a d i a t i o n  r e q u i r e d  to  p roduce  
a  c e r t a i n  am ount o f  i n a c t i v a t i o n  may d i f f e r  by  a  f a c t o r  o f  170 
d e p e n d in g  on w h e th e r  th e  enzyme was in  d ry  s t a t e  o r  i n  aqueous 
s o l u t i o n .  F a c to r s  su c h  a s  pH, te m p e ra tu re ,  b u f f e r  c o n c e n t r a t io n ,  
n a tu r e  o f  s o l v e n t ,  e t c . ,  a l l  p la y  an  im p o r ta n t  r o l e .
P r o t e o l y t i c  enzyme s tu d i e s  have shown t h a t  th e s e  enzym es a re  n o t  
f u l l y  i n a c t i v a t e d  a t  r a d i a t i o n  d o sag e  r e q u i r e d  f o r  s t e r i l i z a t i o n  ( 3 7 ) .  
The p r o te in a s e  f r a c t i o n s  i n  b e e f  r e t a i n e d  t h e i r  a c t i v i t y  a f t e r  
i r r a d i a t i o n  a t  s t e r i l i z i n g  dose  l e v e l s .  Some i n h i b i t i o n  to  p r o te o ­
l y t i c  a c t i v i t y  c o u ld  b e  a t t a i n e d  b y  a d j u s t i n g  th e  pH o f  th e  m eat to  
pH 4 .0 - 4 .5  p r i o r  to  i r r a d i a t i o n .
MATERIALS AND METHODS
T h is  s tu d y  was d e s ig n e d  to  d e te rm in e  th e  m e ta b o lic  ch an g es 
in d u c e d  by lo w -d o se  gamma r a d i a t i o n  i n  th e  p ro d u c t io n  o f  t r i m e t h y l ­
am ine (TMA) by  Pseudomonas e r y t h r a , a  b a c te r iu m  found  i n  th e  m ic ro ­
f l o r a  o f  G u lf  o y s te r s  and w h ich  s u r v iv e s  lo w -d o se  r a d i a t i o n .
The I s o l a t i o n  and I d e n t i f i c a t i o n  o f  j? . e r y t h r a  
from  G u lf  o y s te r s  
P ro cu rem en t and P ro c e s s in g  o f  O y s te rs
T hese  s tu d i e s  o r ig i n a t e d  i n  May 1966 , w i th  f r e s h l y  shucked  
o y s te r s  t h a t  w ere  o b ta in e d  from  a  com m ercial p a c k in g  p l a n t  i n  New 
O r le a n s ,  L o u is ia n a .
O y s te rs  u se d  w ere  c o l l e c t e d  from  o y s te r  b e d s  n e a r  New O rle a n s  
and t r a n s p o r t e d  to  a  n e a rb y  com m erc ia l p a c k in g  house  i n  a  r e f r i g e r a t e d  
t r u c k  m a in ta in e d  a t  4 0 °F . The o y s te r s  w ere  sh u ck ed  upon a r r i v a l  by  
p r o f e s s io n a l  s h u c k e r s .  The f a c i l i t i e s  o f  t h i s  com m ercial p a c k in g  
p l a n t  a llo w e d  th e  p a c k in g  o f  o y s te r s  a c c o rd in g  t o  p r e s e n t  FDA 
r e g u l a t i o n s  (FDA D e f in i t io n s  and  S ta n d a rd s  f o r  S h e l l f i s h ,  T i t l e  2 1 , 
P a r t  3 6 , S e c t io n  3 6 .1 0 ) .  The o y s te r s  w ere  w ashed  i n  ru n n in g  ta p  
w a te r  f o r  two m in u te s  and a llo w e d  t o  d r a i n  f o r  a  p e r io d  o f  f i v e  
m in u te s .  A l l  d r a in in g  was on FDA a p p ro v e d  s t a i n l e s s  s t e e l  sk im m ers, 
w h ic h  had p e r f o r a t i o n s  o f  a t  l e a s t  0 .2 5  in c h  i n  d ia m e te r  l o c a t e d  n o t  
m ore th a n  1 .2 5  in c h e s  a p a r t .  The o y s te r s  w ere  d i s t r i b u t e d  e v e n ly  o v e r  
th e  d r a in in g  s u r f a c e  o f  th e  skim m er b u t  w ere  n o t  o th e rw is e  a g i t a t e d  
d u r in g  th e  d r a in in g  p e r io d s .  A f t e r  th e  o y s te r s  w ere  w ashed  and
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d r a in e d ,  th e y  w ere packed  i n t o  one p i n t  j a r s ,  p la c e d  i n t o  i c e  c h e s t s ,  
c o v e re d  w i th  i c e ,  and t r a n s p o r t e d  to  th e  L o u is ia n a  S t a te  U n iv e r s i ty  
N u c le a r  S c ie n c e  C e n te r  i n  B a to n  R ouge, w here th e  o y s te r s  w ere 
i r r a d i a t e d .
I r r a d i a t i o n  o f  O y s te r  Sam ples
S in c e  i r r a d i a t i o n  can  change th e  m o rp h o lo g ic a l  c h a r a c t e r i s t i c s  
o f  c e r t a i n  o rg a n is m s , a t te m p ts  w ere  made to  i s o l a t e  and i d e n t i f y  P . 
e r y t h r a  i n  b o th  i r r a d i a t e d  and n o n - i r r a d i a t e d  o y s t e r s .  Sam ples w ere 
d iv id e d  i n t o  two g ro u p s , one g roup  was n o t  i r r a d i a t e d ,  th e  o th e r  was 
i r r a d i a t e d  a t  200 k ra d  i n  a  3 6 ,0 0 0  c u r i e ,  C o b a lt-6 0  s o u r c e .
The p ro c e s s  o f  i r r a d i a t i o n  c o n s i s t e d  o f  p la c in g  th e  sam ples i n t o  
a  w a t e r - t i g h t  c a n i s t e r  and lo w e rin g  th e  c a n i s t e r  to  th e  b o tto m  o f  an 
1 8 - f o o t  w a te r  w e l l  t o  th e  C o b a lt-6 0  s o u r c e .  By u se  o f  th e  F r ic k e  
f e r r o u s - f e r r i c  c h e m ic a l d o s im e try  ( 6 0 ,1 2 9 ) ,  th e  d osage  o f  th e  C o b a l t-  
60 s o u rc e  was found  to  be a p p ro x im a te ly  2 ,0 0 0  r a d s  p e r  m in u te .  S in c e  
th e  dosage  d i s t r i b u t i o n  was found  t o  b e  h ig h e s t  a t  a  d i s t a n c e  o f  
a p p ro x im a te ly  12 in c h e s  from  th e  b o tto m  o f  th e  c a n i s t e r ,  a  p la t f o rm  
was u se d  to  r a i s e  th e  o y s te r  sam p les to  t h i s  h e i g h t .  The p ro c e s s  o f  
i r r a d i a t i o n  was p e rfo rm ed  a t  room te m p e ra tu re ,  t h e r e f o r e ,  th e  c o n t r o l  
sam p les  w ere  k e p t  u n r e f r i g e r a t e d  f o r  th e  same p e r io d  o f  t im e .
The n o n - i r r a d i a t e d  and  i r r a d i a t e d  o y s te r s  w ere  th e n  s to r e d  i n  
i c e  a f t e r  i r r a d i a t i o n .
I s o l a t i o n  and I d e n t i f i c a t i o n  o f  th e  B a c te r iu m
One h u n d red  gram s e a c h  o f th e  i r r a d i a t e d  and n o n - i r r a d i a t e d  
o y s te r  sam p les w ere a s e p t i c a l l y  t r a n s f e r r e d  t o  a  s t e r i l i z e d  W aring 
b le n d o r  j a r  to  w h ich  was added  100 ml o f  s t e r i l e  d i s t i l l e d  w a te r .
41
They w ere hom ogenized  a t  h ig h  sp e e d  f o r  two m in u te s . S e r i a l  d i l u t i o n s  
w ere  made and th e n  p l a t e d  by  u s in g  th e  p o u r - p l a te  te c h n iq u e  (120) . 
T hese  p l a t e s  w ere  in c u b a te d  a t  30°C f o r  36 to  48 h o u r s .  E ach  d i s t i n c t  
c o lo n y  was p ic k e d  from  th e  p l a t e s  and s t r e a k e d  on f r e s h  s t e r i l e  
n u t r i e n t  a g a r  p l a t e s  and in c u b a te d  u n t i l  m o d e ra te  g ro w th  a p p e a re d .
P u re  c u l t u r e s  w ere t r a n s f e r r e d  to  n u t r i e n t  a g a r  s l a n t s  and in c u b a te d .
Numerous i d e n t i f i c a t i o n  t e s t s  w ere made f o r  Pseudom onas e r y t h r a  
su c h  as c o lo n y  m orphology, g r a m - s ta in ,  p ig m e n ta t io n , g e l a t i n  s t a b ,  
w a te r  in s o lu b le  d e x t r i n  a g a r ,  i n o c u l a t i o n  i n t o  m e th y l- re d -V o g e s -  
P ro s k a u r  (MR-VP) medium, s t a r c h  g e l a t i n i z a t i o n - ,  l i tm u s  m ile  r e a c t i o n ,  
in d o le  t e s t  and n i t r a t e  p r o d u c t io n .  T hese  d e te r m in a t io n s  w ere 
p e rfo rm e d  a c c o rd in g  to  th e  D ifco  M anual (35 ) . A f te r  c o n c lu d in g  th e s e  
i d e n t i f i c a t i o n  t e s t s ,  an a t te m p t  was made t o  m atch  t h i s  o rg an ism  o f  
th e  n o n - i r r a d i a t e d  t r e a tm e n t  w i th  i t s  c o u n te r p a r t  i r r a d i a t e d  a t  200 
k r a d .
An a l t e r n a t e  m ethod was u se d  to  com pensate  f o r  t h i s  d i f f i c u l t y  
by  m aking 3 a g a r  s l a n t  r e p l i c a t i o n s  o f  e a c h  c u l t u r e  from  th e  l a t t e r  
s e r i e s  o f  th e  a g a r  p l a t e s .  A f te r  in c u b a t io n ,  one s l a n t  o f  e a c h  
c u l t u r e  was s to r e d  u n d e r  r e f r i g e r a t i o n ;  2 r e p l i c a t e s  w ere  i r r a d i a t e d  
a t  200 k r a d .  A f te r  e x p o s u re ,  th e  c u l t u r e s  w ere  t r a n s f e r r e d  
im m e d ia te ly  to  f r e s h  i j u t r i e n t  s l a n t s .  R e p o r ts  i n d i c a t e  t h a t  
i r r a d i a t e d  medium i n g r e d i e n t s  c a n  d e s t r o y  c e r t a i n  m ic ro o rg a n ism s  ( 4 1 ) .  
The s l a n t s  w ere  in c u b a te d  a t  30°C u n t i l  s u f f i c i e n t  g ro w th  a p p e a re d . 
H ow ever, i f  no g ro w th  was o b ta in e d  a f t e r  4 days in c u b a t io n ,  i n d i c a ­
t i o n s  w ere  t h a t  th e  o rg an ism  was k i l l e d  by  th e  g iv e n  d o s e .
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G e n e ra l E x p e r im e n ta l  P ro c e d u re s
The p ro c e d u re  f o r  p r e p a r in g  and a s s a y in g  th e  o y s te r s  f o r  th e  
v a r io u s  in te r m e d ia te  m e ta b o lic  p ro d u c ts  w ere as  fo l lo w s :  O y s te r
sam p les b o th  i r r a d i a t e d  and n o n - i r r a d i a t e d  w ere s e p a r a t e l y  b le n d e d  in  
s t e r i l i z e d  W aring  b le n d o r  j a r s  f o r  2 -3  m in u te s .  The hom ogenates w ere 
q u a n t i t a t i v e l y  t r a n s f e r r e d  to  e r le n m e y e r  f l a s k s ;  th e y  w ere p lu g g e d  
w i th  c o t to n  and a u to c la v e d ,  a f t e r  c o o l in g ,  th e  f l a s k s  d e s ig n a te d  be low  
w ere in o c u la te d  w i th  a  1 ml (1 0 ,0 0 0  c e l l s / m l )  i s o t o n i c  s a l i n e  
s u s p e n s io n  o f  J?. e r y t h r a ; a t  i n t e r v a l s  o f  0 , 5 , 1 0 , 15 and 20 days o f  
in c u b a t io n  a t  30°C , th e  m e ta b o lic  i n te r m e d ia te  p ro d u c ts  w ere 
d e te rm in e d  q u a n t i t a t i v e l y .  The t r e a tm e n ts  em ployed  i n  th e  above 
p ro c e d u re  w ere  a s  f o l lo w s :
1 . N o n - i r r a d ia te d  o y s t e r s  ( c o n t r o l )
2 .  I r r a d i a t e d  o y s t e r s  (200  k ra d )
3 . I r r a d i a t e d  o y s te r s  and i r r a d i a t e d  o rg an ism  (200 k ra d )
4 .  I r r a d i a t e d  o y s t e r s  (200  k r a d )  and n o n - i r r a d i a t e d  o rg an ism
5 .  N o n - i r r a d ia te d  o y s t e r s  and i r r a d i a t e d  o rg an ism  (200 k ra d )
6 . N o n - i r r a d ia te d  o y s t e r s  and n o n - i r r a d i a t e d  o rg an ism
S ta n d a r d iz a t io n  o f  th e  B a c t e r i a l  Inocu lum  w i th  
P e t r o f f - H a u s s e r  and  H e lb e r  C o u n tin g  Chamber (90 )
The P e t r o f f - H a u s s e r  c o u n tin g  cham ber has a  c e l l  d e p th  o f  0 .0 2  mm 
and  th e  r e i n f o r c e d  c o v e r  g l a s s  s u p p l i e d  w i th  them  i s  0 .2 5  mm t h i c k .  
T h is  c o m b in a tio n  p e rm its  c r i t i c a l  f o c u s s in g  w i th  an  o b je c t iv e  o f  
n u m e r ic a l  a p e r tu r e  a s  h ig h  a s  1 .3 0 .  The P e t r o f f - H a u s s e r  g l a s s  s l i d e  
i s  1 .5  mm t h i c k  so  t h a t  th e  c o n d e n se r  c a n  b e  fo c u s e d  and d a rk  f i e l d  
m ic ro sc o p y  em p loyed .
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M a te r ia l s :  1 . H e lb e r  c o u n tin g  cham ber w i th  r e i n f o r c e d  c o v e r
s l i p
2 .  S t e r i l e  c u l t u r e  tu b e s
3 .  S a tu r a t e d  e t h y l  a lc o h o l  s o l u t i o n  o f  m e th y l 
v i o l e t  6 B
4 .  F iv e  p e r c e n t  aqueous p h e n o l s o l u t i o n
5 .  B u f f e r e d  s a l t  s o l u t i o n  c o n ta in in g  1% f o rm a l in
6 .  S t e r i l e  c a p i l l a r y  tu b e s
7 . M ic ro sco p e  w i th  c o m p le te  l i g h t i n g  eq u ip m en t
A s t a i n i n g  s o l u t i o n  c o n s i s t i n g  o f  0 .5  ml o f  s a t u r a t e d  a lc o h o l i c  m eth y l 
v i o l e t  6B, and 50 ml o f  5% aqueous p h e n o l s o l u t i o n  was p r e p a r e d .
The r e a g e n ts  w ere  m ixed  and f i l t e r e d  th ro u g h  a  c o a r s e  g r a in e d  f i l t e r  
p a p e r  u n t i l  f r e e  from  s m a ll  p a r t i c l e s . A s e r i e s  o f  d i l u t i o n s  w ere 
made o f  th e  b a c t e r i a  w i th  f o r m a l in iz e d  b u f f e r e d  s a l t  s o l u t i o n  and
0 .5  ml o f  th e  f i l t e r e d  p h e n o liz e d  m e th y l v i o l e t  s o l u t i o n  was a d d e d .
The tu b e  c o n ta in in g  th e  b a c t e r i a l  in o cu lu m  was h e a te d  and s t a i n e d  
o v e r  th e  f la m e  u n t i l  i t  bumped s l i g h t l y .  The tu b e  was rem oved and 
a llo w e d  to  s ta n d  f o r  t h r e e  m in u te s .
The c o u n tin g  a p p a ra tu s  was c le a n e d  w i th  a lc o h o l  u n t i l  i t  was 
e n t i r e l y  f r e e  o f  g r e a s e  and  a llo w e d  t o  d r y .  The c o v e r  s l i p  was 
p la c e d  on th e  ch am b er. The c a p i l l a r y  p i p e t t e  was f i l l e d  w i th  a  w e l l  
m ixed  p o r t i o n  o f  th e  b a c t e r i a l  in o c u lu m , and  by  c a p i l l a r y  a t t r a c t i o n  
th e  cham ber was f i l l e d .  The c e l l  was p la c e d  on th e  m ic ro sc o p e  s ta g e  
and  th e  p r e p a r a t i o n  was a llo w e d  to  s ta n d  f o r  f i v e  m in u te s .  The c e n te r  
o f  r u l e d  f i e l d  was l o c a t e d  w i th  th e  1 /6  pow er o b j e c t i v e .  A d ro p  o f  
t h i n  c e d a r  o i l  was p la c e d  on th e  c o v e r  s l i p ,  th e  l i g h t  was in c r e a s e d  
and  th e  o i l  im m ersion  l e n s  fo c u s e d  on th e  s q u a r e s .  The b a c t e r i a  i n
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1 s q u a re  w ere c o u n te d . The p ro c e s s  was c o n tin u e d  u n t i l  20 s q u a re s  
w ere  c o u n te d . A l l  b a c t e r i a  i n  clum ps w ere  c o u n te d  o r  a c c u r a te ly  
e s t im a te d .  D u p l ic a te  c o u n ts  and a c c u ra c y  w ere e s s e n t i a l .
The t o t a l  num ber c o u n te d  w ere d iv id e d  by 20 to  o b t a in  th e  
a v e ra g e  f o r  1 s q u a r e .  The s q u a re s  w ere 1 /2 0  by  1 /2 0  mm and th e  
cham ber was 1 /5 0  mm d e e p . The a v e ra g e  f o r  1 s q u a re  was m u l t i p l i e d  by  
20 by  20 by  50 by  th e  d i l u t i o n  f a c t o r  t im e s  1 ,0 0 0 . T h is  gave th e  
number o f  b a c t e r i a  p e r  ml i n  th e  o r i g i n a l  s u s p e n s io n .
S e p a ra t io n  and D e te c t io n  o f  F re e  Amino 
A c id s i n  O y s te r  T is s u e  
The amino a c id s  in  o y s te r  t i s s u e  w ere d e te rm in e d  by  th e  m ethod 
o f  B lock  e t  _al. (16 ) and C onsden e t  _al. (29 ) a s  fo llo w s :  25 grams o f
i r r a d i a t e d  o y s te r s  w ere p la c e d  i n  100 ml o f  80% b o i l i n g  e th a n o l .  They 
w ere b o i l e d  f o r  3 m in u te s  and f i l t e r e d  u s in g  two l a y e r s  o f  c h e e se  c l o t h  
b a c k ed  by  Whatman #  1 f i l t e r  p a p e r .  The r e s i d u e  was r e b o i l e d  and 
b le n d e d  w i th  a  W aring  b le n d o r  f o r  5 m in u te s . The m ix tu re  was 
c e n t r i f u g e d  and th e  s u p e r n a ta n t  was added  to  th e  com bined f i l t r a t e s ,  
a f t e r  w h ich  th e  s o l u t i o n  was c o n c e n t r a te d  to  20 ml i n  a  f l a s h  
e v a p o r a to r .
D e s a l t in g  o f  Amino A cid  S o lu t io n
A l a r g e  e x c e s s  o f  in o r g a n ic  io n s  w i l l  i n t e r f e r e  w i th  th e  
p r e p a r a t i o n  o f  good ch ro m a to g ram s, e s p e c i a l l y  w i th  th o s e  am ino a c id s  
o f  low Rf v a lu e s .  The f o l lo w in g  p ro c e d u re  h as  b e e n  a d a p te d  f o r  t h e i r  
r e m o v a l.
The c o n c e n t r a te  was p a s s e d  th ro u g h  a  Dowex 50W-X8 (H+ , 200 m esh) 
colum n and w ashed  w i th  w a te r  u n t i l  a n io n s  and  n o n - io n ic  m a t e r i a l  had
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b e e n  rem oved . The amino a c id s  and th e  w eaker c a t i o n s  w ere th e n  e l u t e d  
w i th  a  2 N ammonium h y d ro x id e , u s in g  th e  n in h y d r in  t e s t  to  i n d i c a t e  
c o m p le te  e l u t i o n .  A f te r  rem oval o f  e x c e s s  ammonia by  c o n c e n t r a t io n  in  
v a c u o , th e  r e s id u e  was d i s s o lv e d  i n  w a te r  and p a s s e d  th ro u g h  a  colum n 
c o n ta in in g  Dowex 1 x 8  a n io n  (200 m esh) exchange  r e s i n  i n  fo rm a te  
fo rm . B ecause  amino a c id s  a re  a m p h o ly te s , th e y  w i l l  be  a d so rb e d  on 
th e  a n io n  r e s i n  w hereas c a t i o n s  w i l l  p a ss  th ro u g h .  A rg in in e  and 
som etim es l y s i n e  b e c a u se  o f  t h e i r  b a s i c i t y  a r e ,  how ever, u s u a l ly  
in c o m p le te ly  a d so rb e d  on th e  a n io n  r e s i n .  The amino a c id s  w ere e l u t e d  
w i th  50 ml o f  20% fo rm ic  a c i d .  The e lu a t e  was re d u c e d  t o  d ry n e s s  and 
d i s s o lv e d  i n  2 ml o f  10% is o p r o p a n o l ,  and i t  was re a d y  f o r  p a p e r  
c h ro m a to g ra p h y .
To ru n  on one d im e n s io n a l chrom atogram  a  s t r i p  o f  p a p e r  
(Whatman #  1) 22X56 cm was u s e d . A p e n c i l  l i n e  was draw n a c ro s s  th e  
s t r i p  a b o u t 5 cm from  one e n d . The s o l u t i o n  2 -4  yil^  c o n ta in in g  5 -15  jig  
o f  e a c h  amino a c id  to  be  a n a ly z e d  was a p p l i e d  a lo n g  th e  c e n te r  p o r t i o n  
o f  t h i s  l i n e  from  th e  t i p  o f  th e  c a p i l l a r y  tu b e .
The deve lopm en t cham ber was p r e p a r e d  by  p la c in g  in  th e  b o tto m  
a  t ro u g h  f i l l e d  w i th  w a te r  p lu s  s o l v e n t .  The w a te r  s a t u r a t e d  o rg a n ic  
s o lv e n t  p ro v id e d  a  s a t u r a t e d  a tm o sp h e re .
The s p o t t e d  p ap e r was th e n  hung in  th e  cham ber w ith  th e  u p p er 
f o ld e d  end  h e ld  u n d e r th e  g la s s  ro d  i n  th e  b o tto m  o f  th e  s o lv e n t  
t r o u g h .  B e fo re  a d d in g  th e  s o lv e n t  t o  th e  t ro u g h  th e  cham ber was l e f t  
h e r m e t i c a l l y  s e a l e d  w i th  th e  p a p e r  i n s i d e  f o r  5 h o u rs  in  o r d e r  to  
a c h ie v e  e q u i l i b r a t i o n .  A f te r  t h i s  t im e  th e  s o lv e n t  was a d d e d . The 
s o lv e n t  u se d  was n - b u t a n o l ; a c e t i c  a c id r w a te r  (4 0 :1 0 :6 0 )  (1 1 5 ) .  I t  
was l e f t  o v e rn ig h t  in  t h i s  c o n d i t io n  f o r  d e v e lo p m e n t. When th e
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s o lv e n t  had m ig ra te d  a  c o n v e n ie n t  d i s t a n c e  (30  to  50 cm in  24 h o u rs  
d e p en d in g  on s o lv e n t  and t e m p e r a tu r e ) , th e  p a p e r  was rem oved and th e  
p o s i t i o n  o f  th e  s o lv e n t  f r o n t  was m ark ed . The s t r i p  was d r i e d  by 
h a n g in g  in  a  hood th ro u g h  w h ich  h o t a i r  was su c k e d  by  a  f a n  e x h a u s t in g  
to  th e  o u t s i d e .  A f te r  d ry in g ,  th e  p a p e r  was s p ra y e d  w i th  a  s o l u t i o n  
o f  n in h y d r in  (0.1%  in  n - b u ta n o l )  and a g a in  d r i e d .  F i n a l l y ,  th e  p a p e r  
was h e a te d  a t  80°C f o r  5 m in u te s .  The b ands w ere o u t l i n e d  i n  p e n c i l ,  
a s  f a d in g  o f  th e  c o lo r  ta k e s  p la c e  a f t e r  a  few  d a y s .  The Rf o f  e a c h  
amino a c id  was c a l c u l a t e d  by a p p ly in g  th e  f o l lo w in g  fo rm u la :
Movement o f  band  d i s t a n c e
Rf = ---------------------------------------------
Movement o f  s o lv e n t  f r o n t
The I r r a d i a t i o n  E f f e c t  o f  P . e r y t h r a  on 
Amino A cid  C o n te n t o f  O y s te rs  
The o b je c t iv e  o f  t h i s  e x p e r im e n t was to  d e te rm in e  w h e th e r  
i r r a d i a t i o n  o f  P . e r y t h r a  a l t e r e d  i t s  m e ta b o lism  o f  f r e e  and bound 
fo rm s o f  amino a c id s  p r e s e n t  i n  o y s t e r s .  The known m e ta b o lic  pathw ay 
shows t h a t  c e r t a i n  amino a c id s  l i k e  m e th io n in e  and  s e r i n e  a c t  as 
s u b s t r a t e s  w h ic h  le a d  to  th e  p r o d u c t io n  o f  TMA. I f  i r r a d i a t i o n  can  
b r e a k  down th e  p r o t e i n  m o le c u le , th e  amino a c id  c o n te n t  i s  e x p e c te d  
to  in c r e a s e  i n  th e  i r r a d i a t e d  sam ple as  com pared to  i t s  n o n - i r r a d i a t e d  
c o u n te r p a r t .  W ith  t h i s  know ledge i n  m ind t h i s  i n v e s t i g a t i o n  was 
c o n d u c te d  t o  d e te rm in e  th e  ty p e s  o f  amino a c id s  w h ich  a r e  p r e s e n t  i n  
o y s te r  p r o t e i n ,  q u a n t i t a t i v e l y ,  and w h ich  can  c o n s e q u e n t ly  be 
c o n s id e r e d  as  s u b s t r a t e s  f o r  th e  p ro d u c t io n  o f  TMA by  th e  o rg a n ism .
The amino a c id s  i n  th e  sam p les  w ere  a n a ly z e d  q u a n t i t a t i v e l y  w i th  
a  Beckman Model 120C amino a c id  a n a ly z e r  p u rc h a s e d  from  S p in co
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D iv is io n  Beckman I n s t r u m e n ts , I n c .  ( 1 1 6 ) .  I t s  o p e r a t io n a l  p r i n c i p l e  
i s  b a s e d  on e l u t i o n  ch ro m a to g rap h y  from  b u f f e r e d  colum ns o f  io n -  
ex ch an g e  r e s i n .  The s e p a r a te d  com ponents a r e  s u b je c t e d  to  a  r e a c t i o n  
w i th  n in h y d r in  and th e n  q u a n t i t a t e d  w i th  c o lo r im e t r y .  The r e s u l t a n t  
p eaks a r e  r e c o r d e d  by a  s t r i p  c h a r t  r e c o r d e r .
The e n t i r e  p r o g r e s s io n  o f  th e  a n a ly s i s  c a n  b e  c o n t r o l l e d  
a u to m a t i c a l l y ,  by  s e t t i n g  th e  a p p r o p r ia t e  t im e r s  and th e  colum n 
te m p e r a tu r e .  The e l u t i o n  b u f f e r  can  be ch an g ed  a t  p r e -d e te rm in e d  
t im e s  d u r in g  th e  a n a l y s i s . Once th e  c o n t r o l s  a re  s e t  f o r  an  a u to m a tic  
p ro g ram , th e  o p e r a t io n  n eed s  no f u r t h e r  a t t e n t i o n .
P ro c e d u re  f o r  P re p a r in g  Sam ples
One h u n d red  gram s o f  e a c h  o f  th e  i r r a d i a t e d  and n o n - i r r a d i a t e d  
o y s te r  sam p les  w ere b le n d e d  i n  a  s t e r i l i z e d  W aring  b l e n d o r .  The 
hom ogenates w ere  t r a n s f e r r e d  to  e r le n m e y e r  f l a s k s  i n  a l i q u o t s  o f  30 ml 
(25 g ram s) e a c h ;  and in c u b a te d  a t  30°C f o r  0 , 5 , 1 0 , 15 and 20 d a y s , 
a f t e r  b e in g  in o c u la te d  w i th  j? . e r y t h r a . The t r e a tm e n ts  u se d  w ere  th e  
same a s  g iv e n  i n  th e  g e n e ra l  e x p e r im e n ta l  p ro c e d u re .
F o r  th e  d e te r m in a t io n  o f  f r e e  amino a c i d s ,  th e  t i s s u e  e x t r a c t  
was p r e p a r e d  in  th e  f o l lo w in g  way: f o r  c o m p le te  a n a ly s i s  o f  f r e e
am ino a c id s  2 .5  gram s o f  th e  sam ple  was ta k e n  from  e a c h  t r e a tm e n t .
The t i s s u e  sam ple was hom ogenized  i n  a  1 0 - f o ld  volum e o f  17„ p i c r i c  
a c id  i n  a  W aring b le n d o r  f o r  30 s e c o n d s .  The p i c r i c  a c id  p r e c i p i t a t e  
was p ro m p tly  rem oved b y  c e n t r i f u g a t i o n  on a  S e r v a l l  RC2-B C e n tr i f u g e  
a t  6000 rpm f o r  15 m in u te s .
A Dowex 2 x 8  r e s i n  i n  th e  c h lo r id e  fo rm  was p re p a re d  by  m ix in g  
a  1 :2  w a te r  s l u r r y  o f  th e  r e s i n .  The r e s i n  was p o u red  i n t o  a  
2 .5  x  22 cm c h ro m a to g ra p h ic  tu b e  whose o u t l e t  was p lu g g e d  w i th
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f i l t e r i n g  f i b e r .  The r e s i n  was a llo w e d  t o  s e t t l e  to  a  h e ig h t  o f 
a p p ro x im a te ly  18 cm. The r e s i n  b e d  was th e n  w ashed w i th  60 ml o f  1 N 
HCL, fo llo w e d  by  th e  a d d i t io n  o f  w a te r  u n t i l  th e  e f f l u e n t  was n e u t r a l .
The s u p e r n a ta n t  l i q u i d  o b ta in e d  from  th e  p i c r i c  a c id  c e n t r i f u g a ­
t i o n  s t e p  was p a s se d  th ro u g h  th e  r e s i n  b e d .  The w a l ls  o f  th e  r e s i n  
b e d  w ere w ashed  w i th  60 ml o f  0 .02N  HC1. E f f l u e n t  and w ash in g s  w ere 
c o n c e n t r a te d  on a  r o t a r y  e v a p o ra to r  to  a  volum e o f  a b o u t 1 m l. The 
c o n c e n t r a te d  s o lu t i o n  was b ro u g h t  up t o  pH 7 .2 - 7 .5  w i th  1 N NaOH. Two- 
t e n th s  m i l l i l i t e r s  o f  a  f r e s h l y  p re p a re d  0 .5  M s o l u t i o n  o f  sodium  
s u l f i t e  was th e n  added  to  th e  s o l u t i o n .  The sam ple  was a llo w e d  to  
s ta n d  a t  room te m p e ra tu re  f o r  4 h o u r s .
F o llo w in g  th e  4 h o u r s ,  th e  s o l u t i o n  was a d ju s t e d  t o  pH 2 .0 - 2 .2  
w i th  1 N HCl. The s o l u t i o n  was t r a n s f e r r e d  to  a  10 ml v o lu m e tr ic  
f l a s k  and  b ro u g h t  to  volum e (1 ml now r e p r e s e n te d  0 .2 5  gram s o f  t i s s u e  
h o m o g e n a te ) .
I n  o r d e r  to  s e p a r a te  th e  f r e e  n e u t r a l  and a c id i c  and  f r e e  b a s ic  
am ino a c i d s ,  th e  Beckman M odel 120C amino a c id  a n a ly z e r  was u s e d .
To s e p a r a te  th e  f r e e  b a s i c  am ino a c i d s ,  a  co lum n, 23 x 0 .9  cm 
c o n ta in in g  a  Beckman r e s i n  ty p e  PA-35 h y d ro g en  exchange  io n  w i th  7.57. 
c r o s s l in k a g e  was u s e d . C i r c u l a t i n g  w a te r  i n  a  w a te r  j a c k e t  a round  th e  
r e s i n  was m a in ta in e d  a t  a  te m p e ra tu re  o f  50°C .
One m i l l i l i t e r  o f  th e  p re p a re d  f r e e  am ino a c id  sa m p le , 
r e p r e s e n t in g  0 .2 5  gram s o f  t i s s u e ,  was p la c e d  on th e  colum n and f o rc e d  
i n t o  th e  r e s i n  b e d  u n d e r an a rg o n  g as  p r e s s u r e  o f 20 pounds p e r  s q u a re  
in c h  ( p s i g ) . One m i l l i l i t e r  o f  sodium  c i t r a t e  b u f f e r  (pH 5 .2 8 )  was 
p la c e d  on th e  r e s i n  b e d  to  w ash th e  w a l ls  o f  th e  co lum n. The sodium  
c i t r a t e  b u f f e r  was th e n  p a s se d  th ro u g h  th e  r e s i n  t o  s e p a r a te  th e  b a s i c
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amino a c i d s .  As e a c h  amino a c id  was e l u t e d  from  th e  co lum n, i t  was 
m ixed  w i th  n in h y d r in  r e a g e n t .  The m ix tu re  f lo w ed  in  a  Tygon tu b in g  
th ro u g h  a  r e a c t i o n  b a th  w h ich  f a c i l i t a t e d  n in h y d r in -a m in e  r e a c t i o n s ,  
th e r e b y  d e v e lo p in g  a  c o lo r  w h ich  was r e a d  by  a  Beckman p h o to m e te r .
The f r e e  n e u t r a l  and a c id i c  am ino a c id s  w ere s e p a r a te d  on a 
co lum n, 69 x 0 .9  cm c o n ta in in g  a  Beckman AA-15 h y d ro g en  io n  ex ch an g e  
r e s i n  w i th  8% c r o s s l in k a g e .  A c i r c u l a t i n g  w a te r  te m p e ra tu re  o f  30°C 
was m a in ta in e d  a t  t h i s  p o i n t .  A g a in , a  1 ml a l i q u o t  o f  th e  p re p a re d  
sam ple was p la c e d  on th e  r e s i n  b e d , b u t  t h i s  t im e , a  sodium  c i t r a t e  
b u f f e r  o f  pH 3 .2 8  was u t i l i z e d  to  w ash down th e  r e s i n  w a l l s .  The f r e e  
am ino a c id s  w ere e l u t e d  w i th  th e  sodium  c i t r a t e  b u f f e r  a t  30°C f o r  
100 m in u te s .  At t h i s  t im e ,  th e  te m p e ra tu re  was r a i s e d  t o  50°C t o  
f a c i l i t a t e  e l u t i o n  o f  th e  l e s s  a c id i c  am ino a c i d s .  A f te r  150 m in u te s  
th e  b u f f e r  was s w itc h e d  to  a  pH 4 .2 6  sod ium  c i t r a t e  b u f f e r  e n a b l in g  
e l u t i o n  o f  th e  re m a in in g  n e u t r a l  am ino a c i d s .  The re m a in d e r  o f  t h i s  
p ro c e d u re  was i d e n t i c a l  to  t h a t  o f  th e  b a s i c  am ino a c id  d e te r m in a t io n .
R e g e n e ra t io n  o f  th e  Column
The r e g e n e r a t io n  c y c le  c o n s i s t e d  o f  two p r o c e s s e s ;  c le a n in g  and 
e q u i l i b r a t i n g .  The c le a n in g  p ro c e s s  by  i t s e l f ,  o f t e n  c a l l e d  r e g e n e r a ­
t i o n ,  in v o lv e d  p a s s in g  0 .2  N NaOH s o l u t i o n  th ro u g h  th e  colum n t o  e l u t e  
o f f  th e  c o n s t i t u e n t s  re m a in in g  from  th e  p re v io u s  sa m p le . E q u i l i b r a ­
t i o n  was n e c e s s a ry  a f t e r  e v e ry  c le a n in g ;  a  colum n m ust be  e q u i l i b r a t e d  
w i th  th e  b u f f e r  t h a t  w i l l  be u se d  i n  th e  s u b s e q u e n t a n a l y s i s .
C le a n in g  th e  Column
The a p p r o p r ia t e  colum n s e l e c t o r  v a lv e  was p la c e d  i n  d r a i n ,  and 
th e  0 .2  N sodium  h y d ro x id e  s u p p ly  l i n e  was c o n n e c te d  t o  th e  co lum n.
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The p r e s s u r e  r e g u l a to r  on th e  n i t r o g e n  su p p ly  ta n k  was a d ju s te d  to  
a b o u t 20 p s ig  and c o n n e c te d  to  th e  co lum n.
A co m p le te  c le a n in g  p ro c e s s  r e q u i r e s  t h a t  th e  0 .2  N NaOH s o l u t i o n  
e n t e r s  th e  r e s i n  b ed  to  a t  l e a s t  one t h i r d  ( p r e f e r a b le  one h a l f )  o f  i t s  
t o t a l  h e i g h t .  F o r  ex am p le , i f  a  69 x 0 .9  cm colum n f o r  p r o t e i n  
h y d r o ly z a te  a n a ly s i s  has b e e n  pack ed  t o  a  t o t a l  h e ig h t  o f  60 cm th e  
sodium  h y d ro x id e  s o l u t i o n  s h o u ld  t r a v e l  ab o u t 20 cm down to  th e  r e s i n  
b e d . The p ro g re s s  o f  sodium  h y d ro x id e  ca n  be o b s e rv e d . As th e  
s o l u t i o n  t r a v e l s  dow nw ards, th e  c o lo r  o f th e  r e s i n  b e d  changes to  a 
s l i g h t l y  d a rk  s h a d e . D uring  th e  c le a n in g  p r o c e s s ,  th e r e  i s  no r e a l  
i n d i c a t i o n  w h e th e r  th e  o p e r a t io n  i s  s u c c e s s f u l  and a l l  r e s i d u a l  
m a t te r  i s  b e in g  w ashed o u t .  The tim e  r e q u i r e d  u n t i l  th e  sodium  
h y d ro x id e  h as  s l i g h t l y  d a rk e n e d  a  t h i r d  o f  th e  r e s i n  colum n i s  u s u a l ly  
s u f f i c i e n t .  T h is  tim e w i l l  v a ry  w i th  th e  r e s i n  b e d  h e ig h t  and 
n i t r o g e n  p r e s s u r e  a p p l ie d  to  th e  colum n; w i th  th e  n i t r o g e n  p r e s s u r e  
a d ju s te d  to  th e  recommended 20 p s i g ,  a  69 x 0 .9  cm colum n w i th  a  60 cm 
r e s i n  b e d  s h o u ld  be  t r e a t e d  w i th  sodium  h y d ro x id e  f o r  a b o u t 100 
m in u te s .
The sodium  h y d ro x id e  s u p p ly  l i n e  was d is c o n n e c te d  from  th e  
co lum n, and  th e  sodium  h y d ro x id e  was a s p i r a t e d  above th e  r e s i n  b ed  
from  th e  co lum n.
E q u i l i b r a t i n g  th e  Column
The colum n was to p p ed  w i th  a p p r o p r ia t e  b u f f e r ,  le a v in g  
s u f f i c i e n t  room a t  th e  to p  o f  th e  colum n f o r  th e  b u f f e r  l i n e  f i t t i n g .  
B u f f e r  f o r  e q u i l i b r a t i n g :  s h o r t  colum n PA-35 r e s i n ,  pH 5 .2 8 ;  lo n g
colum n AA-15 r e s i n ,  pH 3 .2 8 .
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A p p ly in g  Sample t o  t h e  Column
A l l  t h e  b u f f e r  on th e  r e s i n  s u r f a c e  was removed w i t h  t h e  h e lp  o f  
a  p i p e t t e .  The sam ple  was ( a b o u t  1 m l) a p p l i e d  w i t h  th e  h e lp  o f  a  
v o l u m e t r i c  p i p e t t e .  The p i p e t t e  was i n s e r t e d  i n  th e  column so  t h a t  i t  
t o u c h e d  th e  w a l l  a b o u t  2 cm above t h e  r e s i n  s u r f a c e  and r e l e a s e d  th e  
c o n t e n t s  s lo w ly .
S t a r t i n g  and R e c o rd in g  Column A n a ly s i s
The n i n h y d r i n  pump was s t a r t e d ,  and t h e  n i n h y d r i n  r e a g e n t  was 
m ixed  i n  t h e  m ix in g  m a n i f o ld ;  from  t h e r e  e n t e r e d  th e  r e a c t i o n  b a t h .
The r e c o r d e r  was s e t  a t  low sp e e d  and  a d j u s t e d  t o  p ro d u ce  a  p r i n t i n g  
sp e e d  o f  one d o t  e v e r y  2 s e c o n d s .  The f lo w  r a t e  was r e c o r d e d  on th e  
l o g  s h e e t .
The I r r a d i a t i o n  E f f e c t  o f  JP. e r y t h r a  
on t h e  C h o l in e  C o n te n t  o f  O y s te r s  
C h o l in e  h a s  b e e n  fo u n d  t o  be  an  i n t e r m e d i a t e  i n  t h e  f o r m a t io n  o f  
t r im e th y la m in e  (TMA) by  b a c t e r i a  d u r in g  o y s t e r  s t o r a g e  and s u b s e q u e n t  
s p o i l a g e .  S in c e  t h e  b a s i s  o f  t h i s  s tu d y  was t o  o b s e rv e  th e  p o i n t  i n  
t h e  p r o t e o l y t i c  a c t i v i t y  o f  JP. e r y t h r a  w h ic h  i s  a f f e c t e d  by  i t s  
i r r a d i a t i o n ,  i t  was n e c e s s a r y  t o  f i r s t  s t a n d a r d i z e  d e t e r m i n a t i v e  t e s t s  
f o r  t h e  e x i s t i n g  i n t e r m e d i a t e s .
The c o n c e n t r a t i o n  o f  c h o l i n e  i n  o y s t e r  t i s s u e  was d e te rm in e d  by  
th e  m ethod o f  Lim and S c h a l l  ( 7 6 ) .  A l l  c h o l i n e  d e t e r m i n a t i o n s  w ere 
b a s e d  on d ry  w e i g h t s .  The f r e e  and bound fo rm s o f  c h o l i n e  w ere 
d e te rm in e d  i n  o y s t e r s  by  s im u l t a n e o u s l y  e x t r a c t i n g  and h y d r o ly z in g  w i t h  
a  b a r iu m  h y d ro x id e  m e th a n o l - c h lo r o f o r m  m i x t u r e .  The c h o l i n e  was 
i s o l a t e d  from  t h e  h y d r o ly s a t e  by  a d s o r p t i o n  on a  f l o r i s i l  co lum n.
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P a s s in g  ammonium r e i n e c k a t e  th ro u g h  th e  column form ed c h o l i n e  
r e i n e c k a t e  w h ich  a p p e a re d  as  a  p in k  band  a f t e r  e x c e s s  r e a g e n t  was 
washed t h r o u g h .  The c o n c e n t r a t i o n  o f  t h e  c h o l i n e  was d e te r m in e d  by  
e l u t i n g  t h e  r e i n e c k a t e  ban d  and  m e a s u r in g  t h e  a b s o rb a n c e  a t  526 mji 
w i t h  B ausch  and Lomb S p e c t r o n i c  2 0 .  T h is  m ethod has  b e e n  u s e d  i n  th e  
l a b o r a t o r i e s  f o r  s e v e r a l  m onths w i t h  no a p p a r e n t  d i f f i c u l t i e s .  I t  i s  
a c c u r a t e ,  r a p i d ,  e a s y  t o  c o n t r o l ,  and c i r c u m v e n ts  many o f  t h e  t im e  
consum ing s t e p s  o f  p r e v io u s  m e th o d s .
The a p p a r a tu s  and  r e a g e n t s  u se d  i n  t h i s  m ethod a r e  as  f o l l o w s :
1 .  C h ro m ato g rap h ic  column -  a b o u t  35 cm lo n g  and 1 .5  mm I .D .
2 .  F l o r i s i l  (6 0 -1 0 0  mesh) -  a c t i v a t e d  a t  650°C by  th e  
m a n u f a c tu r e r  ( F l o r i d i n  C o . ,  T a l l a h a s s e e ,  F l a . ) .
3 .  Aqueous a c e to n e  -  10% i n  w a te r  ( v / v ) .
4 .  Ammonium r e i n e c k a t e  s o l u t i o n  -  p r e p a r e d  by s h a k in g  2 t o  3 
grams o f  ammonium r e i n e c k a t e  w i t h  100 ml o f  w a te r  f o r  10 
m in u t e s .  E x c e ss  s a l t  was removed by  f i l t e r i n g .  The s o l u ­
t i o n  was p r e p a r e d  f r e s h  e a c h  d a y .
5 .  E x t r a c t a n t  -  One h u n d red  m i l l i l i t e r s  o f  m e th a n o l  was 
s a t u r a t e d  by  a d d in g  4 - 5  grams o f  anhydrous  b a r iu m  h y d r o x id e ;  
s h a k in g  f o r  10 m in u te s ;  a d d in g  10 ml o f  c h lo r o f o rm  (CH C l^); 
m ix in g  and d e c a n t in g  t o  remove e x c e s s  BaCOH^.
6 .  C h o l in e  s t o c k  s o l u t i o n  -  f i v e  grams o f  c h o l i n e  c h l o r i d e  w ere  
d i s s o l v e d  i n  w a t e r  and  d i l u t e d  t o  100 m l .
7 .  C h o l in e  w o rk in g  s t a n d a r d  -  two m i l l i l i t e r s  o f  c h o l i n e  s to c k  
s o l u t i o n  was d i l u t e d  t o  100 ml w i t h  w a t e r .  (1 ml c o n ta i n e d  
1 m g).
8 .  P r e p a r a t i o n  o f  a d s o r b a n t  columns -  a  t h i n  s l u r r y  o f  f l o r i s i l
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and m e th a n o l  was made i n  a  b e a k e r  u s in g  a b o u t  4 grams o f  
f l o r i s i l  f o r  e a c h  column t o  be  u s e d .  The f l o r i s i l  s l u r r y  
was t r a n s f e r r e d  t o  t h e  column w i t h  a d d i t i o n a l  m e th a n o l .  
M ethano l was k e p t  i n  t h e  column u n t i l  r e a d y  f o r  u s e .
P ro c e d u re  f o r  P r e p a r in g  and A s sa y in g  th e  O y s te r s
The e x p e r i m e n t a l  d e s ig n  u s e d  i n  t h i s  p r o j e c t  was t h e  same as  
t h a t  r e p o r t e d  i n  t h e  g e n e r a l  e x p e r i m e n t a l  p r o c e d u r e .  One hund red  
grams e a c h  o f  t h e  i r r a d i a t e d  and n o n - i r r a d i a t e d  o y s t e r  sam ples  were 
b l e n d e d  i n  a  s t e r i l i z e d  W aring  b l e n d o r  j a r .  The hom ogenates  were 
t r a n s f e r r e d  t o  e r l e n m e y e r  f l a s k s  i n  a l i q u o t s  o f  30 ml (25 gram s) e a c h ;  
and  i n c u b a t e d  a t  30°C a f t e r  b e in g  i n o c u l a t e d  w i t h  P .  e r y t h r a . C h o l in e  
was d e te rm in e d  on e a c h  sam ple  a t  0 ,  5 ,  10 ,  15 ,  and 20 days o f  in c u b a ­
t i o n .
The sam p les  w ere  d r i e d  i n  a  vacuum oven  (50°C a t  29 in c h e s )  a t  
t h e  end  o f  e a c h  i n t e r v a l  o f  i n c u b a t i o n .  The d r i e d  t i s s u e  was f i n e l y  
powdered and e x t r a c t e d  w i t h  b a r iu m  h y d r o x id e - m e th a n o l - c h lo ro f o r m  
m i x t u r e .  The powdered sam p les  w ere  c a r e f u l l y  t r a n s f e r r e d  t o  s o x h e l e t  
e x t r a c t i o n  t h i m b l e s .  A r e f l u x - e x t r a c t i o n  sy s te m  was c o n n e c te d  and 
t h e  sam ples  w ere e x t r a c t e d  f o r  12 h o u rs  u s in g  40 ml o f  t h e  e x t r a c t a n t .  
The e x t r a c t a b l e s  w ere  c o o le d  and f i l t e r e d  i n t o  a  100 ml v o l u m e t r i c  
f l a s k  u s in g  s e v e r a l  p o r t i o n s  (1 t o  10 m l) o f  g l a c i a l  a c e t i c  a c i d -  
m e th a n o l  (1 :1 0 )  t o  t r a n s f e r  and w ash  th e  su sp e n d e d  m a t t e r .  The 
f i l t r a t e  a c i d i t y  was ch e ck e d  f o r  t h e  recommended pH o f  2 t o  6 . 0 .
A c e t i c  a c i d  was u s e d  t o  a d j u s t  t h e  pH. The f i l t r a t e  was d i l u t e d  t o  a  
volume o f  100 ml w i t h  m e th a n o l .
Twenty m i l l i l i t e r s  o f  t h e  d i l u t i o n  was t r a n s f e r r e d  t o  t h e  
f l o r i s i l  co lum n. As th e  l a s t  o f  t h e  f i l t r a t e  p a s s e d  th r o u g h  t h e
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b o t to m  o f  t h e  co lum n, 5 ml o f  m e th a n o l  was added  t o  t h e  to p  o f  t h e  
co lum n. T h e r e a f t e r ,  s u c c e s s i v e  a d d i t i o n s  o f  t h e  f o l l o w i n g  w ere  made 
t o  th e  colum n: 10 ml o f  m e th a n o l ;  10 ml o f  10% a c e t o n e ;  5 ml ammonium
r e i n e c k a t e  r e a g e n t ;  10 ml o f  m e th a n o l ;  10 ml o f  g l a c i a l  a c e t i c  a c i d .  
E ach  p o r t i o n  was a l lo w e d  t o  e n t e r  t h e  colum n b e d  c o m p le te ly  b e f o r e  
a d d in g  th e  n e x t .  The p in k  c h o l i n e  r e i n e c k a t e  b a n d  was e l u t e d  by 
a d d in g  10 ml o f  r e a g e n t  g ra d e  a c e t o n e ,  and  c o l l e c t e d  i n  a  10 ml 
v o l u m e t r i c  f l a s k .  The e l u a t e s  c o n t a i n i n g  t h e  c h o l i n e  was r e a d  
s p e c t r o p h o t o m e t r i c a l l y  a t  526 mji. The c h o l i n e  c o n c e n t r a t i o n  was 
d e te r m in e d  by  i n t e r p o l a t i o n  from  a  s t a n d a r d  c u rv e  w h ich  was p r e p a r e d  
a s  f o l l o w s :  1 ,  2 ,  3 ,  4 and  5 ml a l i q u o t s  o f  t h e  w o rk in g  s t a n d a r d  w ere
t r a n s f e r r e d  t o  p r e p a r e d  f l o r i s i l  c o lum ns;  e a c h  column was t r e a t e d  and 
e l u t e d  a s  s t a t e d  above ;  e l u a t e s  w ere  r e a d  s p e c t r o p h o t o m e t r i c a l l y ;  and 
a  c u rv e  was c o n s t r u c t e d  by p l o t t i n g  a b s o rb a n c e  v s .  c o n c e n t r a t i o n .
The I r r a d i a t i o n  E f f e c t  o f  P .  e r y t h r a  
on t h e  E th a n o la m in e  C o n te n t  o f  O y s te r s
The c o n c e n t r a t i o n  o f  e th a n o la m in e  i n  o y s t e r  t i s s u e  was 
d e te r m in e d  b y  t h e  m ethod o f  B a rse g y a n  ( 1 0 ) .  E th a n o la m in e  has  b e e n  
fou n d  t o  be  a n o th e r  i n t e r m e d i a t e  i n  t h e  f o r m a t i o n  o f  t r im e th y la m in e  
(TMA) b y  b a c t e r i a  d u r in g  o y s t e r  s t o r a g e  and  s u b s e q u e n t  s p o i l a g e .  I t  i s  
form ed by  d e c a r b o x y l a t i o n  o f  s e r i n e  i n  t h e  p r e s e n c e  o f  p y r id o x in e  
(V i ta m in  Bg) .
The r e a g e n t s  u se d  i n  t h e  d e t e r m i n a t i o n  o f  f r e e  e th a n o la m in e  i n  
t h i s  m ethod a r e  a s  f o l l o w s :
1 .  E x t r a c t a n t -  R eag en t  g ra d e  e t h a n o l .
2 .  P -b e n zo q u in o n e  r e a g e n t  p r e p a r e d  by  d i s s o l v i n g  100 mg o f
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r e c r y s t a l l i z e d  p -b en z o q u in o n e  i n  a  m ix tu r e  o f  8 ml o f  
b u t a n o l  and 2 ml o f  p y r i d i n e .
3 .  E th a n o la m in e  w o rk in g  s t a n d a r d -  10 mg c o n t a i n e d  i n  1 m l.
P ro c e d u re s  f o r  P r e p a r in g  Samples
The t r e a t m e n t  d e s ig n  u se d  was t h e  one d i s c u s s e d  i n  t h e  g e n e r a l
e x p e r im e n ta l  p r o c e d u r e .  One h u n d red  grains e a c h  o f  t h e  i r r a d i a t e d  and
n o n - i r r a d i a t e d  o y s t e r  sam ples  w ere  b le n d e d  i n  a  s t e r i l i z e d  W aring
b l e n d e r  j a r .  The hom ogenate was t r a n s f e r r e d  t o  e r le n m e y e r  f l a s k s  i n
a l i q u o t s  o f  60 ml (50 gram s) e a c h ;  a f t e r  b e in g  a u t o c l a v e d ,  th e y  were
i n o c u l a t e d  w i t h  1 ml o f  a  s u s p e n s io n  o f  P . e r y t h r a , and i n c u b a te d  a t  
o
30 C. At i n t e r v a l s  o f  0 ,  5 ,  10 ,  15 and 20 days  t h e  e th a n o la m in e  was 
d e te rm in e d  q u a n t i t a t i v e l y .
The o y s t e r  t i s s u e  sam p les  w ere  d r i e d  i n  a  vacuum oven (50°C a t  
29 in c h e s )  a t  th e  end  o f  e a c h  i n t e r v a l  o f  i n c u b a t i o n .  The d r i e d  
t i s s u e  was f i n e l y  powdered and e x t r a c t e d  w i t h  15 ml o f  e t h a n o l  f o r  12- 
16 h o u rs  a t  room t e m p e r a t u r e .
The sam p les  w ere  c e n t r i f u g e d ,  and s u p e r n a t a n t s  w ere  t r a n s f e r r e d  
t o  a  v o l u m e t r i c  f l a s k .  The p r e c i p i t a t e  was w ashed  3 t im e s  w i t h  3 ml 
p o r t i o n s  o f  t h e  a l c o h o l .  The w a sh in g s  w ere  combined and added  t o  t h e  
o r i g i n a l  s u p e r n a t a n t  i n  t h e  25 ml v o l u m e t r i c  f l a s k .  F i v e - t e n t h s  
m i l l i t e r  o f  f r e s h l y  p r e p a r e d  p -b e n z o q u in o n e  r e a g e n t  was added  and made 
up t o  volume w i t h  t h e  a l c o h o l .  A f t e r  m ix in g ,  th e  sam p les  w ere  k e p t
1 .5  h o u rs  a t  37°C i n  t h e  a b se n c e  o f  l i g h t  and m easu red  f o r  a b s o rb a n c e  
o f  th e  o ran g e  c o l o r e d  p r o d u c t  a t  460  mu.
The e th a n o la m in e  c o n c e n t r a t i o n  was d e te rm in e d  by  i n t e r p o l a t i o n  
from  a  s t a n d a r d  c u rv e  w h ich  was p r e p a r e d  a s  f o l l o w s :  one gram o f
e th a n o la m in e  was d i s s o l v e d  i n  100 ml o f  e t h a n o l  g i v in g  a  s t o c k
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s o l u t i o n  o f  10 mg p e r  ml t o  0 . 2 ,  0 . 4 ,  0 . 6 ,  0 .8  and 1 . 0  ml o f  s t o c k
s o l u t i o n  was added  0 .2  ml o f  th e  p - b e n z o q u in o n e ;  t h e  t o t a l  volume was
a d j u s t e d  t o  5 ml w i t h  e t h a n o l .  The f l a s k  was k e p t  i n  d a rk  f o r  90 
o
m in u te s  a t  37 C and  t h e  a b s o rb a n c e  o f  t h e  o ra n g e  c o l o r e d  p r o d u c t  was 
m ea su red  u s in g  a  b l u e  f i l t e r  a t  a  w a v e le n g th  o f  460 mjj.
M i c r o b i o l o g i c a l  A ssay  o f  P y r id o x in e
The p y r id o x i n e  a s s a y  was c o n d u c te d  a c c o r d in g  t o  t h e  d i r e c t i o n s  i n
t h e  D i f c o  m anual (35 )  . P y r id o x in e  ( v i t a m i n  B . )  s e r v e s  as  a  coenzyme
6
i n  t h e  d e c a r b o x y l a t i o n  o f  p h o s p h a t i d y l  s e r i n e  t o  fo rm  p h o s p h a t i d y l  
e th a n o la m in e ,  w h ic h  i s  one o f  t h e  i n t e r m e d i a t e s  i n  t h e  f o r m a t i o n  o f  
t r i m e t h y l a m i n e . Low c o n c e n t r a t i o n s  o f  e th a n o la m in e  w ere  found  when 
t h e  sam p les  w ere  i n o c u l a t e d  and i n c u b a t e d  w i t h  t h e  i r r a d i a t e d  o rg a n is m ,  
com pared  t o  i t s  c o u n t e r p a r t  n o n - i r r a d i a t e d  o r g a n is m .  Q u a n t i t a t i v e  
e s t i m a t i o n  o f  s e r i n e  d i d  n o t  show any s i g n i f i c a n t  d i f f e r e n c e s  i n  b o t h  
i r r a d i a t e d  and  n o n - i r r a d i a t e d  s a m p le s .  The a s s a y  o f  p y r id o x i n e  was 
c o n d u c te d  p r i m a r i l y  t o  a s c e r t a i n  i f  i r r a d i a t i o n  o f  t h e  o rg an ism  
a f f e c t s  i t s  a c t i v i t y ,  s i n c e  t h e  v i t a m i n  s e r v e s  a s  a  coenzyme i n  th e  
i n t e r m e d i a r y  s t e p .
B a c to  P y r id o x in e  A ssay  Medium i s  f r e e  f rom  p y r id o x i n e  b u t  
c o n t a i n s  a l l  o t h e r  f a c t o r s  n e c e s s a r y  f o r  g ro w th  o f  N e u ro s p o ra  
s i t o p h i l a  299 ATCC # 9276 . The a d d i t i o n  o f  p y r id o x i n e  i n  s p e c i f i e d  
c o n c e n t r a t i o n s  g i v e s  an  i n c r e a s i n g  g ro w th  r e s p o n s e .  N e u ro s p o ra  
s i t o p h i l a  299 ATCC #  9276 was o b t a i n e d  from  f u n g a l  g e n e t i c  s t o c k  
c e n t e r  ( 4 6 ) .
The t e s t  was c o n d u c te d  as  f o l l o w s :  one lo o p  o f  s p o r e s  was
rem oved from  a  4 8 - h o u r  c u l t u r e  o f  N e u ro s p o ra  s i t o p h i l a  299 ATCC
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#  9276 on B a c to  N e u ro sp o ra  C u l t u r e  Agar and s u sp en d  i n  100 ml o f
s t e r i l e  s a l i n e ;  one d rop  o f  s p o re  s u s p e n s io n  was added  to  e a c h  f l a s k
and in c u b a t e d  a t  30°C f o r  5 d a y s ;  a t  t h e  end o f  t h e  i n c u b a t i o n  p e r i o d
t h e  f l a s k s  w ere  s team ed  a t  100°C f o r  5 m in u te s ;  a l l  m y c e l ia  from  th e
f l a s k s  w ere  removed u s in g  a  s t i f f  w i r e  n e e d le  o r  g l a s s  r o d ,  p r e s s e d
d ry  be tw e en  p a p e r  t o w e l s , a n d  r o l l e d  i n t o  s m a l l  p e l l e t s ;  t h e  p e l l e t s  
o
w ere  d r i e d  a t  100 C f o r  2 h o u r s .  A g l a z e d  p o r c e l a i n  s p o t  p l a t e  i s  
c o n v e n ie n t  f o r  h a n d l in g  th e  m ycelium  d u r in g  d r y in g  and w e ig h in g .  A 
s t a n d a r d  c u rv e  was t h e n  c o n s t r u c t e d  from  t h e  w e ig h ts  o b t a i n e d  and th e  
unknown d e te rm in e d  by  i n t e r p o l a t i o n .
I t  i s  e s s e n t i a l  t h a t  t h e  s t a n d a r d  c u rv e  be  c o n s t r u c t e d  e a c h  t im e  
an  a s s a y  i s  c o n d u c te d  s i n c e  c o n d i t i o n s  o f  a u t o c l a v i n g ,  t e m p e r a tu r e  and 
i n c u b a t i o n ,  w h ic h  i n f l u e n c e  s t a n d a r d  c u rv e  r e a d i n g s ,  c a n n o t  be  
d u p l i c a t e d  e x a c t l y  from  t im e  t o  t im e .  The s t a n d a r d  c u rv e  was o b t a i n e d  
b y  u s in g  p y r id o x in e  a t  l e v e l s  o f  0 . 0 ,  0 . 2 ,  0 . 4 ,  0 . 6 ,  0 .8  and 1 .0  
m ic rog ram  p e r  a s s a y  f l a s k .  The m ost e f f e c t i v e  r a n g e  i s  b e tw e en  0 .2  t o  
0 .8  m ic rog ram  o f  p y r id o x i n e .
The c o n c e n t r a t i o n  o f  p y r id o x in e  f o r  t h e  p r e p a r a t i o n  o f  th e  
s t a n d a r d  c u rv e  was p r e p a r e d  by  d i s s o l v i n g  0 .1  gram o f  p y r id o x in e  i n  
1 ,0 0 0  ml o f  d i s t i l l e d  w a t e r ,  g i v i n g  a  s t o c k  s o l u t i o n  o f  100 m icrogram s 
p e r  m l .  The s t o c k  s o l u t i o n  was d i l u t e d  by ad d in g  1 ml t o  499 ml o f  
d i s t i l l e d  w a t e r .  Z ero  1 ,  2 ,  3 ,  4 ,  and  5 ml o f  th e  f i n a l  d i l u t i o n  was 
added  to  t h e  r e s p e c t i v e  f l a s k s .  The s t o c k  s o l u t i o n  o f  p y r id o x in e  f o r  
p r e p a r in g  t h e  s t a n d a r d  c u rv e  i s  s t a b l e  f o r  2 months when s t o r e d  a t  2 
t o  6°C u n d e r  t o l u n e .
To r e h y d r a t e  t h e  B a c to  P y r id o x in e  A ssay  Medium, 50 grams was 
d i s s o l v e d  i n  1 ,0 0 0  ml o f  d i s t i l l e d  w a t e r .  F iv e  m i l l i l i t e r  q u a n t i t i e s
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w ere  d i s t r i b u t e d  i n  50 ml e r le n m e y e r  f l a s k s .  I n c r e a s i n g  amounts o f  
s t a n d a r d  o r  unknown and s u f f i c i e n t  d i s t i l l e d  w a te r  w ere  added  t o  g iv e  
a  t o t a l  volume o f  10 ml p e r  f l a s k .  The f l a s k s  w ere  s t e r i l i z e d  i n  t h e  
a u t o c l a v e  f o r  15 m in u te s  a t  121°C u n d e r  15 pounds o f  s te a m  p r e s s u r e .
RESULTS AND DISCUSSION
The I s o l a t i o n  and  I d e n t i f i c a t i o n  o f  P .  e r y t h r a  
Pseudomonas e r y t h r a , w h ic h  i s  r e s i s t a n t  t o  gamma r a d i a t i o n  a t  
t h e  l e v e l  o f  200 k r a d  was i s o l a t e d  and  i d e n t i f i e d  from  f r e s h  G u l f  
o y s t e r s .
I r r a d i a t i o n  o f  t h e  c u l t u r e  a f f e c t e d  th e  norm al g ro w th  o f  t h e
o rg a n is m ,  com pared t o  i t s  c o u n t e r p a r t  ( t h e  n o n - i r r a d i a t e d  o r g a n i s m ) ,
a t  a n  optimum i n c u b a t i o n  t e m p e r a t u r e  o f  30°C . I t  was fou n d  t h a t  t h e
b a c t e r i a l  p o p u l a t i o n  c o n t i n u e d  t o  i n c r e a s e  w i t h  i n c u b a t i o n  and  r o s e  t o  
4
1 x 10 a t  th e  end  o f  t h e  3 rd  d a y ,  w h e re as  t h e  i r r a d i a t e d  o rg a n ism  
r e q u i r e d  l o n g e r  t o  r e a c h  t h e  same b a c t e r i a l  c o u n t .  A p p a r e n t l y ,  low - 
dose  r a d i a t i o n  damaged o r  a l t e r e d  th e  b io c h e m ic a l  a c t i v i t y  o f  t h o s e  
b a c t e r i a  w h ich  s u r v i v e d  and g rew . Shewan and L i s t o n  ( 1 1 2 ) ,  made th e  
o b s e r v a t i o n  t h a t  i r r a d i a t i o n  a p p e a re d  t o  have  a  d e v i t a l i z i n g  e f f e c t  on 
t h e  b a c t e r i a l  p o p u l a t i o n .
D e s c r i p t i v e  C h a r a c t e r s  o f  t h e  O rganism
R ods. 0 .2  t o  0 .4  by  1 .2  t o  1 .5  m ic r o n s ,  w i t h  ro u n d ed  e n d s ,  
u s u a l l y  a r r a n g e d  s i n g l y .  M o t i l e  w i t h  a  s i n g l e  p o l a r  f l a g e l l u m .  Gram 
n e g a t i v e .
G e l a t i n  s t a b :  no g ro w th
S t a r c h  a g a r :  no g ro w th
L itm us m i lk :  no g ro w th
I n d o le  n o t  p ro d u ce d
N i t r i t e s  n o t  p ro d u c e d  from  n i t r a t e s
S t a r c h  n o t  h y d r o ly z e d
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W ater i n s o l u b l e  d e x t r i n  a g a r :  s c a n t  g ro w th ,  s u r f a c e  c o l o n i e s
a p p e a re d  a f t e r  8 t o  10 d a y s ,  c o l o n i e s  were a n g u l a r ,  s m a l l  s u r r o u n d e d  
by  a  s i n g l e  c l e a r  zone 2 t o  5 mm i n  d i a m e te r .
No g ro w th  i n  m ed ia  c o n t a i n i n g  th e  u s u a l  c a r b o h y d r a t e s .
C e l l u l o s e  and  w a te r  i n s o l u b l e  d e x t r i n s  w ere  u t i l i z e d .  F i l t e r  p a p e r  
s t r i p s  i n  m in e r a l  s o l u t i o n  (NH^)^ PO^ 215 g ,  KC1 0 .5  g ,  MgSO^ 7 lijO
0 .5  g ,  FeSO^ 7 P^O 0 .1  g ,  CaCl 0 .0 2  g ,  MnSO^ 0 .0001  g ) , d e v e lo p e d  
r e d d i s h  brown s p o t s  above th e  s u r f a c e  o f  th e  l i q u i d .  S o l u t i o n s  became 
c lo u d y ,  c o l o n i e s  e n l a r g e d  and became v i s c o u s ,  and p a p e r  became r e d d i s h .  
The f i l t e r  p a p e r  d i d  n o t  b r e a k  w i t h  m o d e ra te  s h a k in g  b u t  was i n  a 
s l im y  m ass .  I n  c e l l u l o s e  m ed ia  a  r e d d i s h  w a te r  s o l u b l e  p igm en t  was 
p ro d u c e d .
The r e s u l t s  i n  t h i s  i s o l a t i o n  and i d e n t i f i c a t i o n  s tu d y  
e m p h a s ize d  t h e  r o l e  o f  i r r a d i a t i o n  i n  e l i m i n a t i n g  m ost o f  t h e  m ic ro ­
o rg an ism s  r e s p o n s i b l e  f o r  more r a p i d  d e c o m p o s i t io n  o f  o y s t e r s .  These  
r e s u l t s  a l s o  s u g g e s t  t h a t  t h e  p a t t e r n  o f  m e ta b o l i s m  i n  r a d i a t i o n  
r e s i s t a n t  b a c t e r i a  c a n  b e  a l t e r e d  by lo w -d o se  r a d i a t i o n .  T hese  r e s u l t s  
a r e  i n  a g re e m e n t  w i t h  t h e  f i n d i n g s  o f  L iu z z o  e t  _a l. ( 7 6 a ) . A 
know ledge o f  t h e s e  a l t e r e d  pa thw ays  c a n  b e  h e l p f u l  i n  t h e  deve lopm en t 
o f  c h e m ic a l  and p h y s i c a l  t e c h n i q u e s  to  r e n d e r  fo o d s  s t e r i l e  i n  th e  
e x t e n s i o n  o f  t h e i r  s t o r a g e  l i f e .  T h is  i s  e s p e c i a l l y  t r u e  when t h e  
foods  c a n n o t  b e  s u b j e c t e d  t o  h ig h  l e v e l s  o f  r a d i a t i o n  b e c a u s e  o f  
changes  in d u c e d  i n  them  by  t h e  t r e a t m e n t .
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Amino A c id s  o f  t h e  O y s te r  T i s s u e  
The e x p e r i m e n t a l  Rf v a lu e s  o f  t h e  amino a c i d s  and  t h e  r e f e r e n c e  
v a l u e s  a r e  p r e s e n t e d  i n  T a b le  3 .
The e x p e r i m e n t a l  Rf v a l u e s  a r e  s l i g h t l y  lo w er  t h a n  t h e  r e f e r e n c e  
v a l u e s .  The r e p r o d u c i b i l i t y  o f  t h e s e  v a l u e s  depends on s e v e r a l  f a c t o r s  
s u c h  a s :  p a p e r ,  t e m p e r a t u r e ,  q u a n t i t y  o f  amino a c i d ,  d e g re e  o f
s a t u r a t i o n  w i t h  w a te r  and s o l v e n t ,  and t h e  d i s t a n c e  b e tw e en  s t a r t i n g  
p o i n t  and th e  s o l v e n t  f r o n t .  P a p e rs  o f  d i f f e r e n t  d e n s i t i e s  w i l l  g iv e  
w id e ly  d i f f e r e n t  Rf v a l u e s .  T h u s ,  Whatman # 42 g i v e s  much s lo w e r  
r a t e s  t h a n  Whatman #  1 .  The q u a n t i t y  o f  amino a c i d  has  v e r y  l i t t l e  
e f f e c t  on t h e  Rf v a lu e  th o u g h  th e  s i z e  o f  t h e  s p o t  v a r i e s  c o n s i d e r a b l y .  
The r a t e  o f  movement o f  a  g iv e n  amino a c i d  i s  s l i g h t l y  a l t e r e d  by  th e  
p r e s e n c e  o f  a n o th e r  amino a c i d ,  and t h e  p r e s e n c e  o f  e x t r a n e o u s  
s u b s t a n c e s .  R e s o l u t i o n  o f  two amino a c id s  becomes d i f f i c u l t  i f  t h e i r
Rf v a l u e s  do n o t  d i f f e r  by  more t h a n  a b o u t  10%. T h u s ,  l e u c i n e ,
i s o l e u c i n e  and t y r o s i n e  a r e  d i f f i c u l t  t o  s e p a r a t e .
The I r r a d i a t i o n  E f f e c t  o f  P . e r y t h r a  on
th e  Amino A c id  C o n te n t  o f  O y s te r s
The amino a c i d  v a lu e s  d e te rm in e d  b y  a  Beckman model 120C amino 
a c i d  a n a l y z e r  a r e  g iv e n  T a b le  4 .  The a n a l y s i s  o f  v a r i a n c e  d a t a  f o r  
t h e s e  i n d i v i d u a l  amino a c i d s  a r e  shown i n  A ppendix  T a b le s  A th ro u g h  K.
I t  c a n  b e  s e e n  from  t h e  a n a l y s i s  o f  v a r i a n c e  t a b l e s  t h a t  a  v a l i d  
e r r o r  t e r m  was n o t  o b t a i n e d ,  s i n c e  o n ly  one o b s e r v a t i o n  p e r  t r e a tm e n t  
c o m b in a t io n  was o b t a i n e d .  However, i f  one c a n  assume t h a t  th e  o y s t e r  
x  o rg a n is m  x  i n c u b a t i o n  t im e  i n t e r a c t i o n  g i v e s  a  ro u g h  e s t i m a t e  o f  t h e  
e r r o r  t e r m ,  i t  c a n  b e  o b s e rv e d  t h a t  c e r t a i n  e f f e c t s  a r e  s i g n i f i c a n t  i n
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TABLE 3
R.£ V a lu e s  o f  t h e  Amino A cids  o f  O y s te r  T i s s u e
E x p e r im e n ta l  Rf v a lu e R e f e re n c e  Rf value'*’
B e t a - a l a n i n e 0 .3 2 0 .3 7
C y s te in e 0 .0 5 0 .0 7
T y ro s in e 0 .6 1 0 .7 0
S e r in e 0 .2 8 0 .3 0
Lys in e 0 .1 8 0 .1 8
L e u c in e 0 .5 8 0 .7 2
M e th io n in e 0 .5 2 0 .5 7
P h e n y la l a n in e 0 .6 1 0 .6 6
^B lock , e t  a l .  ( 1 6 ) .
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TABLE 4
The I r r a d i a t i o n  E f f e c t  o f  P . e r y t h r a  on 
t h e  Amino A c id  C o n te n t  o f  O y s t e r s 3
2 Days o f I - O 3 I -O 3 N -03 N-03 I -O 3 N -03Amino a c id i n c u b a t i o n I-B N-B I-B N-B
M e th io n in e 0 3 .81 3 .8 6 3 .02 3 .9 0 3 .9 1 3 .9 8
5 10 .11 1 1 .6 0 11 .5 9 7 .51 7 .2 0 6 .5 9
10 24 .6 1 24 .3 3 2 1 .3 7 2 4 .5 9 8 .6 1 7 .1 0
15 2 3 .9 0 24 .61 23 .6 3 24 .8 6 8 .6 1 7 .1 0
20 2 8 .7 0 2 7 .9 0 26 .8 1 2 9 .0 0 8 .8 0 7 .2 0
I s o l e u c i n e 0 7 .41 7 .5 1 6 .54 7 .61 1 .8 3 1 .9 7
5 8 .6 9 7 .95 6 .9 0 7 .9 0 3 .2 4 3 .2 0
10 1 1 .1 0 1 0 .2 0 11 .5 9 11 .2 0 4 .4 1 5 .0 0
15 1 9 .1 0 21 .3 7 2 1 .4 0 2 1 .5 0 3 .9 8 5 .0 0
20 2 1 .8 0 2 1 .4 0 2 1 .5 0 2 1 .5 0 5 .1 0 5 .1 8
L e u c in e 0 2 .9 3 3 .1 7 4 .6 1 4 .6 1 1 .8 3 1 .9 7
5 3 .0 3 4 .6 4 4 .3 0 5 .2 1 2 .2 0 1 .4 2
10 5 .2 1 4 .8 6 5 .1 0 6 .2 0 3 .9 3 3 .7 7
15 6 .5 9 7 .1 0 6 .7 8 6 .5 9 3 .6 4 4 .6 4
20 8 .6 0 8 .7 2 7 .9 3 7 .8 0 4 .3 0 5 .2 0
T y r o s in e 0 6 .5 9 6 .6 0 6 .5 4 6 .6 0 2 .3 7 3 .3 7
5 9 .9 3 9 .6 8 9 .8 0 9 .9 0 3 .2 4 3 .8 1
10 4 1 .3 8 16 .0 0 1 5 .1 0 14 .8 0 3 .24 3 .1 8
15 1 5 .2 0 15 .24 14 .21 15 .2 0 3 .2 0 3 .2 1
20 1 4 .9 3 15 .2 6 16 .8 0 1 7 .1 0 5 .1 0 4 .6 4
P h e n y la l a n in e 0 4 .6 4 5 .0 0 5 .0 2 4 .5 0 4 .6 4 3 .6 3
5 6 .3 0 6 .2 8 6 .1 0 6 .7 8 3 .9 3 3 .8 0
10 9 .5 9 9 .6 3 8 .6 9 8 .6 6 3 .2 4 3 .8 4
15 9 .2 2 9 .6 4 9 .4 0 9 .3 3 4 .6 0 4 .7 1
20 1 1 .5 0 10 .3 0 1 4 .6 0 14 .8 0 4 .6 1 4 .7 0
0 14 .65 1 4 .6 0 14 .14 16 .0 0 1 3 .6 0 11 .78
5 2 0 .0 7 2 0 .1 0 19 .16 56 .71 14 .2 0 14 .1 7
10 37 .0 0 3 6 .0 0 -------- 3 6 .3 0 17 .2 16 .6 6
15 19 .0 0 1 9 .6 0 1 9 .2 0 2 1 .0 0 1 5 .9 0 1 8 .1 0
20 2 1 .0 0 2 2 .0 0 2 1 .6 4 2 1 .0 0 1 6 .8 0 1 8 .2 0
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TABLE 4 (co n tin u e d )
2Amino a c i d
Days o f  1 -0  
i n c u b a t i o n  j - g
3






I -O 3 N-03
P r o l i n e 0 9 .6 4 9 .1 0 9 .4 0 8 .6 9 3 .0 3 4 .2 1
5 -------- 1 3 .2 0 9 .7 0 15 .81 6 .2 6 7 .23
10 14 .6 4 1 4 .8 0 9 .4 2 15 .7 9 8 .6 1 8 .3 4
15 13 .24 1 4 .9 0 1 4 .2 0 15 .66 9 .3 0 8 .6 8
20 1 4 .6 0 15 .0 0 1 5 .9 0 1 6 .0 0 9 .2 8 9 .3 6
G ly c in e 0 14 .51 1 4 .6 0 12 .26 12 .26 6 .0 0 5 .0 1
5 2 4 .6 1 2 3 .0 0 2 1 .6 1 2 3 .0 0 9 .3 0 9 .6 0
10 2 4 .8 6 2 4 .6 0 24 .4 2 2 3 .6 0 1 2 .2 0 11 .8 0
15 83 .1 7 5 6 .0 0 2 7 .3 7 2 8 .0 0 1 2 .0 0 12 .2 0
20 76.12 7 7 .0 0 5 9 .2 0 5 6 .6 0 1 1 .9 0 1 3 .3 0
A la n in e 0 3 .1 7 4 .8 0 3 .6 2 4 .8 9 3 .9 6 4 .1 2
5 31 .7 7 3 2 .0 0 33 .96 31 .6 0 5 .9 1 4 .3 0
10 30 .1 7 3 1 .0 0 31 .5 9 31 .2 0 10 .21 11 .2 0
15 30 .28 31 .2 0 2 9 .2 0 3 0 .3 0 9 .8 0 11 .4 0
20 3 1 .1 0 3 1 .8 0 2 9 .3 0 38 .14 10 .41 11 .68
V a l in e 0 8 .6 9 8 .6 9 6 .9 8 7 .51 3 .91 3 .9 8
5 9 .0 1 9 .2 0 9 .9 3 9 .1 6 5 .6 0 6 .6 7
10 31 .7 7 2 9 .0 0 2 9 .3 0 2 9 .0 0 11 .61 8 .7 6
15 2 9 .9 0 3 1 .0 0 2 9 .9 5 30 .69 1 1 .8 0 1 2 .4 0
20 3 1 .7 0 3 1 .6 0 2 9 .8 6 36 .1 0 1 1 .8 0 1 2 .6 0
S e r in e 0 5 .2 2 5 .0 0 5 .0 1 4 .4 8 4 .6 1 4 .4 9
5 7 .0 3 8 .9 3 9 .4 2 8 .6 6 4 .7 2 4 .6 9
10 9 .8 7 12 .3 3 9 .6 3 1 2 .3 0 4 .9 3 5 .2 3
15 12 .2 9 14 .63 10 .89 14 .32 5 .1 1 5 .2 1
20 13 .0 6 15 .43 1 2 .0 0 15 .36 5 .2 0 5 .2 5
1
O y s te r s  and o rg a n ism  i r r a d i a t e d  a t  200 k r a d  w i t h  C o b a l t  60 .
O
C o n c e n t r a t i o n  o f  amino a c id s  e x p r e s s e d  as  mg/100 grams o f  o y s t e r s .
3
T re a tm e n t  c o d e s :
1 -0  I r r a d i a t e d  o y s t e r s
N-0 N o n - i r r a d i a t e d  o y s t e r s
I -B  I r r a d i a t e d  b a c t e r i u m
N-B N o n - i r r a d i a t e d  b a c t e r i u m
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t h e  a n a l y s i s .
The amino a c i d  p r o d u c t i o n  p r o g r e s s i v e l y  i n c r e a s e d  o v e r  a  l e n g t h  
o f  i n c u b a t i o n  p e r i o d ,  and was fo u n d  t o  be h i g h l y  s i g n i f i c a n t  ( P < 0 . 0 1 ) .  
A h i g h l y  s i g n i f i c a n t  i n t e r a c t i o n  was n o te d  be tw een  o rg a n is m  and in c u b a ­
t i o n  t im e ,  b u t  no change o c c u r r e d  be tw e en  o y s t e r s  and  i n c u b a t i o n  t im e  
( c o n t r o l ) . T h is  shows t h a t  t h e  o rg a n ism  was c o n t r i b u t i n g  t o  th e  
r e l e a s e  o f  f r e e  amino a c i d s  by h y d r o ly z in g  t h e  p r o t e i n  o f  o y s t e r  
t i s s u e .
T here  was no e f f e c t  on th e  amino a c i d  c o n c e n t r a t i o n  o f  o y s t e r  
t i s s u e ,  w h e th e r  i r r a d i a t e d  o r  n o n - i r r a d i a t e d .  H igher  c o n c e n t r a t i o n s  o f  
amino a c id s  w ere  fo u n d  i n  a l l  sam p les  i n o c u l a t e d  w i t h  th e  i r r a d i a t e d  
and n o n - i r r a d i a t e d  o rg an ism s  as  com pared t o  t h e  c o n t r o l .  These 
ch an g es  a r e  n o t  s i g n i f i c a n t  i n  th e  sam p les  b e tw e en  i r r a d i a t e d  and  no n -  
i r r a d i a t e d  o r g a n i s m s .
The I r r a d i a t i o n  E f f e c t  o f  _P. e r y t h r a  on 
t h e  C h o l in e  C o n te n t  o f  O y s te r s
The a v e ra g e  v a lu e s  o f  c h o l i n e  p r o d u c t i o n  i n  o y s t e r s  w i t h  t h e  
o rg an ism s  a r e  p r e s e n t e d  i n  T a b le  5 .  The i n d i v i d u a l  o b s e r v a t i o n s  and 
t h e  a n a l y s i s  o f  v a r i a n c e  a r e  p r e s e n t e d  i n  Appendix  T a b le s  L , M, and  N.
The p r o d u c t i o n  o f  c h o l i n e  i n  o y s t e r s  i r r a d i a t e d  a t  200 k r a d  was 
n o t  d i f f e r e n t  from  th e  n o n - i r r a d i a t e d  s a m p le s .  R e s u l t s  i n  T a b le  5 
show t h a t  th e  a v e ra g e  v a l u e s  o f  t h e  i r r a d i a t e d  and t h e  n o n - i r r a d i a t e d  
sam p les  a r e  s i m i l a r .  T h is  s u g g e s t s  t h a t  i r r a d i a t i o n  o f  o y s t e r s  does  
n o t  have any s i g n i f i c a n t  e f f e c t  on t h e  c h o l i n e  p r o d u c t i o n .
T here  w ere  t h r e e  o rg a n ism  t r e a t m e n t s  u s e d  i n  t h e s e  s t u d i e s :  
c o n t r o l  (no o rg a n is m ,  o y s t e r s  a l o n e ) , i r r a d i a t e d  o rg an ism  and th e
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n o n - i r r a d i a t e d  o rg a n is m .  T here  was a  s i g n i f i c a n t  e f f e c t  o f  t h e s e  
o rg an ism s  on t h e  c h o l i n e  p r o d u c t i o n  i n  o y s t e r s  ( P C 0 . 0 1 ) .  S p e c i f i c  
t e s t  o f  h y p o th e s i s  was made t o  f i n d  t h e  d i f f e r e n c e s  b e tw e en  t h e s e  
o r g a n is m s .  The sam ples  i n o c u l a t e d  w i t h  i r r a d i a t e d  and n o n - i r r a d i a t e d  
o rg an ism s  had  h i g h e r  c h o l i n e  c o n t e n t  t h a n  th e  c o n t r o l  ( P < 0 . 0 1 ) .
When th e  i r r a d i a t e d  and  n o n - i r r a d i a t e d  o rg an ism s  w ere com pared , t h e  
h ig h  c o n t e n t  o f  c h o l i n e  was fou n d  i n  n o n - i r r a d i a t e d  o rg a n ism  t r e a t ­
m ents  ( P < 0 . 0 1 ) .  T h is  s u g g e s t s  t h a t  r a d i a t i o n  has  a  b a c t e r i o s t a t i c  
e f f e c t  on th e  o rg an ism  and c o n t r o l s  t h e  p r o d u c t i o n  o f  th e  i n t e r m e d ia -  
t e r y  p r o d u c t s  l e a d i n g  t o  t h e  f o r m a t i o n  o f  t r i m e t h y l a m i n e .
The p r o d u c t i o n  o f  c h o l i n e  was fou n d  t o  be c o n s i s t e n t l y  h ig h e r  
i n  a l l  sam p les  a f t e r  5 ,  10 ,  15 and 20 days o f  i n c u b a t i o n  t h a n  i t  was 
a t  z e r o  d a y s .  The i n c r e a s e  was h i g h l y  s i g n i f i c a n t  ( P < 0 . 0 1 ) .  T h is  
may b e  due t o  t h e  a u t o l y t i c  a c t i v i t y  i n  t h e  o y s t e r  t i s s u e  i n  t h e  c a s e  
o f  u n i n o c u l a t e d  sam ples  and due to  b a c t e r i a l  m e ta b o l is m  i n  th e  
i n o c u l a t e d  s a m p le s .
T h e re  was no i n t e r a c t i o n  b e tw e en  o y s t e r s  and o rg an ism s  i n  t h e  
p r o d u c t i o n  o f  c h o l i n e  i . e . ,  t h e  i n c r e a s e d  p r o d u c t i o n  o f  c h o l i n e  i s  
p u r e l y  an  in d e p e n d e n t  a c t i v i t y  o f  t h e  o rg a n ism  a l o n e .  No i n t e r a c t i o n  
was found  i n  t h e  f o l l o w i n g  c o m p a r iso n s :  o y s t e r s  v s  i n c u b a t i o n  t im e
and o y s t e r s  v s  o rg a n ism  vs  i n c u b a t i o n  t im e .  T h e re  i s  a  s i g n i f i c a n t  
( P < 0 . 0 1 )  i n t e r a c t i o n  b e tw e en  o rg a n ism  and i n c u b a t i o n  t im e .  
C o n s e q u e n t ly ,  t h e  o rg an ism s  w ere  m u l t i p l y i n g  d u r in g  t h e  c o u r s e  o f  
i n c u b a t i o n  and  a s s i s t e d  i n  t h e  p r o d u c t i o n  o f  more c h o l i n e .
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TABLE 5
The I r r a d i a t i o n  E f f e c t  o f  P .  e r y t h r a
1 2on t h e  C h o l in e  C o n te n t  o f  O y s te r s  *
C h o l in e  (Mg. /1 0 0  grams
o
o f  o y s t e r s )
Days o f  i n c u b a t io n
0 5 10 15 20
N o n - i r r a d i a t e d  o y s t e r s 0 .6 0 1 .0 1 0 .8 3 0 .9 5 1 .0 2
I r r a d i a t e d  o y s t e r s 0 .5 6 0 .9 8 2 .0 5 1 .0 3 1 .0 3
I r r a d i a t e d  o y s t e r s  and 
I r r a d i a t e d  o rg an ism 0 .6 7 1 .1 4 2 .0 1 2 .6 7 2 .7 6
I r r a d i a t e d  o y s t e r s  and
N o n - i r r a d i a t e d  o rg an ism 0 .6 6 2 .2 2 3 .3 8 3 .6 8 3 .8 6
N o n - i r r a d i a t e d  o y s t e r s  and 
I r r a d i a t e d  o rg an ism 0 .6 2 1 .3 2 2 .1 7 2 .7 9 2 .9 0
N o n - i r r a d i a t e d  o y s t e r s  and 
N o n - i r r a d i a t e d  o rg an ism 0 .6 6 2 .3 7 3 .5 0 3 .7 8 3 .7 9
1
I r r a d i a t e d  o y s t e r s  and  i r r a d i a t e d  o rg an ism  s u b j e c t e d  t o  200 k r a d  o f
C o b a l t - 6 0 .
2A verage  o f  two o b s e r v a t i o n s .
3
D i f f e r e n c e s  i n  t r e a t m e n t s  ( P < 0 . 0 1 ) .
a .  N o n - i r r a d i a t e d  and i r r a d i a t e d  o y s t e r s  AND a l l  o t h e r  t r e a t m e n t s .
b . I r r a d i a t e d  o y s t e r s  + i r r a d i a t e d  o rg an ism  AND i r r a d i a t e d  o y s t e r s  
+ n o n - i r r a d i a t e d  o rg a n ism  and n o n - i r r a d i a t e d  o y s t e r s  +  non­
i r r a d i a t e d  o rg a n is m .
c .  N o n - i r r a d i a t e d  o y s t e r s  +  i r r a d i a t e d  o rg an ism  AND i r r a d i a t e d  
o y s t e r s  +  n o n - i r r a d i a t e d  o rg an ism  and n o n - i r r a d i a t e d  o y s t e r s  + 
n o n - i r r a d i a t e d  o rg a n is m .
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The I r r a d i a t i o n  E f f e c t  o f  e r y t h r a  on 
th e  E th a n o la m in e  C o n te n t  o f  O y s te r s  
The a v e ra g e  e th a n o la m in e  c o n t e n t  o f  o y s t e r s  i n o c u l a t e d  w i t h  
Pseudomonas e r y t h r a  i s  shown i n  T a b le  6 .  The i n d i v i d u a l  o b s e r v a t io n s  
and  t h e  a n a l y s i s  o f  v a r i a n c e  a r e  shown i n  Appendix  T a b le s  0 ,  P , and Q.
The p a t t e r n  o f  e th a n o la m in e  r e s u l t s  w ere  i n  ag reem en t  w i t h  t h a t  
o f  c h o l i n e .  T here  w ere  no d i f f e r e n c e s  i n  e th a n o la m in e  c o n c e n t r a t i o n  
due t o  i r r a d i a t i o n  o f  th e  o y s t e r s .  However, s i g n i f i c a n t  i n c r e a s e s  
w ere  o b s e rv e d  when th e  o y s t e r  hom ogenates w ere  i n o c u l a t e d  w i t h  th e  
o r g a n i s m s .  The n o n - i r r a d i a t e d  o rg a n ism  p ro d u ce d  s i g n i f i c a n t l y
( P < 0 . 0 1 )  h i g h e r  c o n c e n t r a t i o n s  o f  t h i s  compound t h a n  t h e  i r r a d i a t e d
c u l t u r e .  T h is  i s  c o n s i s t e n t  w i t h  th e  r a d i a t i o n  e f f e c t s  on o r g a n i s m 's  
a b i l i t y  t o  p roduce  c h o l i n e .
The I r r a d i a t i o n  E f f e c t  o f  P . e r y t h r a  on
t h e  P y r id o x in e  C o n te n t  o f  O y s te r s
The a v e ra g e  p y r id o x in e  c o n t e n t  o f  o y s t e r s  i n o c u l a t e d  w i t h  
Pseudomonas e r y t h r a  i s  p r e s e n t e d  i n  T a b le  7 .  The i n d i v i d u a l  o b s e r v a ­
t i o n s  and t h e  a n a l y s i s  o f  v a r i a n c e  a r e  shown i n  Appendix  T a b le s  R, S,
T and U.
The p y r id o x in e  c o n t e n t  o f  o y s t e r s  i r r a d i a t e d  a t  200 k r a d  was low 
com pared  t o  t h e  n o n - i r r a d i a t e d  s a m p le s .  A n a ly s i s  o f  v a r i a n c e  i n  
T a b le  U shows t h a t  i r r a d i a t i o n  o f  o y s t e r s  p ro d u ce d  a  s i g n i f i c a n t  change 
( P < 0 . 0 1 )  i n  p y r id o x in e  c o n t e n t .  B arone  (9 a )  has  r e p o r t e d  t h e  
p y r id o x in e  c o n t e n t  o f  n o n - i r r a d i a t e d  o y s t e r s  a s  1 .4 0  p g /g ra m  o f  
o y s t e r ,  and 1 .0 2  jig /gram  w here o y s t e r s  r e c e i v e d  200 k r a d  o f  gamma 
r a d i a t i o n .  T h is  i n d i c a t e s  t h a t  i r r a d i a t i o n  a f f e c t s  th e  p y r id o x in e
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TABLE 6
The I r r a i d a t i o n  E f f e c t  o f  .2. e r v t h r a  on 
t h e  E th a n o la m in e  C o n te n t  o f  O y s t e r s - * - ’ ^
E th a n o la m in e  (Mg./lOO
O
grams o f  o y s t e r s )
Days o f  i n c u b a t i o n
0 5 10 15 20
N o n - i r r a d i a t e d  o y s t e r s 2 .2 3 3 .1 4 4 .1 9 4 .6 1 4 .6 2
I r r a d i a t e d  o y s t e r s 2 .2 4 3 .25 4 .1 0 4 .3 5 4 .6 1
I r r a d i a t e d  o y s t e r s  and 
I r r a d i a t e d  o rg an ism 2 .2 4 5 .7 3 9 .3 5 1 3 .0 5 1 3 .1 7
I r r a d i a t e d  o y s t e r s  and
N o n - i r r a d i a t e d  o rg an ism 2 .7 9 6 .5 6 11 .72 14 .83 1 5 .2 0
N o n - i r r a d i a t e d  o y s t e r s  and 
I r r a d i a t e d  o rg an ism 2 .3 6 5 .8 5 9 .3 7 13 .4 6 1 4 .0 1
N o n - i r r a d i a t e d  o y s t e r s  and  
N o n - i r r a d i a t e d  o rg an ism 2 .7 1 6 .8 6 1 1 .9 9 1 5 .2 0 1 5 .8 5
■ ^ Ir ra d ia te d  o y s t e r s  and i r r a d i a t e d  o rg an ism  s u b j e c t e d  t o  200 k r a d  o f  
C o b a l t - 6 0 .
A verage o f  two o b s e r v a t i o n s .
o
D i f f e r e n c e s  i n  t r e a t m e n t s  ( P < 0 . 0 1 ) .
a .  N o n - i r r a d i a t e d  and  i r r a d i a t e d  o y s t e r s  AND a l l  o t h e r s .
b .  I r r a d i a t e d  o y s t e r s  + i r r a d i a t e d  o rg a n ism  AND i r r a d i a t e d  o y s t e r s  
+ n o n - i r r a d i a t e d  o rg an ism  and n o n - i r r a d i a t e d  o y s t e r s  + non- 
i r r a d i a t e d  o rg a n is m .
c .  N o n - i r r a d i a t e d  o y s t e r s  + i r r a d i a t e d  o rg an ism  AND i r r a d i a t e d  
o y s t e r s  +  n o n - i r r a d i a t e d  o rg an ism  and n o n - i r r a d i a t e d  o y s t e r s  + 
n o n - i r r a d i a t e d  o rg a n is m .
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TABLE 7
The I r r a d i a t i o n  E f f e c t  o f  P. e r y t h r a  on 
th e  P y r id o x in e  C o n te n t  o f  O y s te r s ^
P y r id o x in e  (>ig . /g ra m o f  o y s t e r s ) ^
Days o f i n c u b a t io n
0 5 _ 10 15 20
N o n - i r r a d i a t e d  o y s t e r s 1 .2 4 1 .2 3 1 .2 3 1 .2 5 1 .2 4
I r r a d i a t e d  o y s t e r s 1 .1 0 0 .9 9 0 .9 6 0 .9 4 0 .9 3
I r r a d i a t e d  o y s t e r s  and 
I r r a d i a t e d  o rg an ism 1 .1 3 0 .9 6 0 .9 4 0 .9 0 0 .8 7
I r r a d i a t e d  o y s t e r s  and
N o n - i r r a d i a t e d  o rg an ism 1 .0 0 0 .9 4 0 .8 8 0 .8 4 0 .7 8
N o n - i r r a d i a t e d  o y s t e r s  and 
I r r a d i a t e d  o rgan ism 1 .1 6 1 .0 6 1 .0 0 0 .9 8 0 .9 5
N o n - i r r a d i a t e d  o y s t e r s  and 
N o n - i r r a d i a t e d  o rg an ism 1 .0 6 0 .9 5 0 .9 6 0 .8 6 0 .8 4
I r r a d i a t e d  o y s t e r s  and i r r a d i a t e d  o rg a n ism  s u b j e c t e d  t o  200 k r a d  o f
C o b a l t - 6 0 .
2
A verage  o f  t h r e e  o b s e r v a t i o n s .
3
D i f f e r e n c e s  i n  t re a tm e m ts  ( P < 0 . 0 1 ) .
a .  N o n - i r r a d i a t e d  and i r r a d i a t e d  o y s t e r s  AND a l l  o t h e r  t r e a t m e n t s .
b .  I r r a d i a t e d  o y s t e r s  +  i r r a d i a t e d  o rg an ism  AND i r r a d i a t e d  o y s t e r s  
+ n o n - i r r a d i a t e d  o rg an ism  and n o n - i r r a d i a t e d  o y s t e r s  +  non- 
i r r a d i a t e d  o rg a n is m .
c .  N o n - i r r a d i a t e d  o y s t e r s  +  i r r a d i a t e d  o rg a n is m  AND i r r a d i a t e d  
o y s t e r s  +  n o n - i r r a d i a t e d  o rg an ism  and n o n - i r r a d i a t e d  o y s t e r s  + 
n o n - i r r a d i a t e d  o rg a n is m .
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c o n t e n t  o f  o y s t e r s .  These  r e s u l t s  a r e  i n  ag reem en t  w i t h  h i s  f i n d i n g s .
P y r id o x in e  c o n te n t  was fo u n d  t o  be c o n s i s t e n t l y  lo w e r  i n  a l l  
sam ples  t r e a t e d  w i t h  t h e  o rg a n ism  a f t e r  5 ,  10 , 15 and 20 days o f  
i n c u b a t io n  th a n  i t  was a t  z e r o  d a y s .  T h is  was due t o  c o n t i n u e d  u s e  o f  
p y r id o x in e  by  t h e  o rg a n ism  i n  i t s  f o r m a t io n  o f  more e th a n o la m in e  as 
t h e  i n c u b a t i o n  t im e  p r o g r e s s e d .
The p y r id o x in e  c o n t e n t  o f  th e  o y s t e r  hom ogenates  w h ic h  were 
i n o c u l a t e d  w i t h  i r r a d i a t e d  and  n o n - i r r a d i a t e d  o rg an ism s  were 
c o n s i s t e n t l y  lo w e r  th a n  th e  c o n t r o l  (no o r g a n i s m ) . A s p e c i f i c  t e s t  o f  
h y p o th e s i s  be tw e en  i r r a d i a t e d  and n o n - i r r a d i a t e d  o rg an ism s  i n d i c a t e s  
t h a t  a  h ig h  c o n t e n t  o f  p y r id o x in e  was found  i n  t h e  sam p les  when th e y  
w ere  i n o c u l a t e d  w i t h  t h e  i r r a d i a t e d  o rg a n is m .  T h is  s u g g e s t s  t h a t  
i r r a d i a t i o n  p ro d u ce d  a  m a l f u n c t io n  i n  t h e  i r r a d i a t e d  o r g a n i s m 's  
a b i l i t y  t o  u t i l i z e  p y r i d o x i n e .  An im p a irm en t  o f  t h i s  m echanism  
r e t a r d e d  th e  m e ta b o l i c  c o n v e r s io n  o f  s e r i n e  t o  e th a n o la m in e .
P y r id o x a l  p h o s p h a te  i s  t h e  coenzyme c a t a l y z i n g  t h e  d e c a r b o x y l a t i o n  o f  
s e r i n e  t o  fo rm  e th a n o la m in e .  S in ce  t h e  u t i l i z a t i o n  o f  p y r id o x in e  was 
low by  th e  i r r a d i a t e d  o rg a n is m ,  t h e  f o r m a t io n  o f  e th a n o la m in e  was a l s o  
low i n  sam ples  when i n o c u l a t e d  w i t h  th e  i r r a d i a t e d  o rg a n is m .  L ess  
p y r id o x in e  was u t i l i z e d  and a  low er  c o n c e n t r a t i o n  o f  e th a n o la m in e  was 
found  i n  sam ples  i n o c u l a t e d  w i t h  t h e  i r r a d i a t e d  o rg a n is m .
T h is  r e t a r d a t i o n  o f  t h e  u t i l i z a t i o n  o f  p y r id o x in e  by  th e  
i r r a d i a t e d  o rg an ism s  i s  t h e  k ey  i n t e r m e d i a t e  s t e p  i n  t h e  low er  
p r o d u c t i o n  o f  TMA. T h is  i s  t h e  f i r s t  r e a c t i o n  i n  t h e  pathw ay w h ic h  i s  
i n f l u e n c e d  by  i r r a d i a t i n g  t h e  o r g a n is m .  The r e s u l t s  a r e  c o n s i s t e n t  
w i t h  P o l l a r d ' s  (90a)  e x p l a n a t i o n  o f  t h e  m e ta b o l i c  a l t e r a t i o n s  i n  
o rg an ism s  s u b j e c t e d  t o  r a d i a t i o n .  I n  h i s  r e v ie w  he s t a t e s  t h a t
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o rg an ism s  w h ich  s u r v i v e  lo w -d o se  r a d i a t i o n  a r e  o f t e n  a f f e c t e d  i n  t h e i r  
p r o d u c t i o n  o f  enzym es. T h is  i s  due to  a  m a l f o rm a t io n  o r  d e s t r u c t i o n  
o f  t h e  DNA s t r a n d s  r e s p o n s i b l e  f o r  th e  s y n t h e s i s  o f  enzym es.
SUMMARY
T h is  s tu d y  was d e s ig n e d  t o  d e te rm in e  th e  r a d i a t i o n  in d u ce d  
m e ta b o l i c  c h a n g es  i n  t h e  p r o d u c t i o n  o f  t r im e th y la m in e  b y  Pseudomonas 
e r y t h r a , a  b a c t e r i u m  w h ic h  i s  found  i n  th e  m i c r o f l o r a  o f  G u lf  o y s t e r s  
and w h ich  s u r v i v e s  lo w -d o se  gamma r a d i a t i o n  (200 k r a d ) . A s tu d y  o f  
t h e  r e s i s t a n t  b a c t e r i a  i n  o y s t e r s  i s  e s s e n t i a l  i f  t h e y  c o n t r i b u t e  t o  
t h e  s p o i l a g e  o f  o y s t e r s  d u r in g  s t o r a g e .  Knowledge o f  th e  m e ta b o l i c  
p a t t e r n s  o f  t h e s e  b a c t e r i a  c o u ld  b e  u s e f u l  i n  th e  dev e lo p m en t o f  
p h y s i c a l  and  c h e m ic a l  p r o c e s s e s  t o  d e s t r o y  o r  a t  l e a s t  i n h i b i t  t h e  
g ro w th  and a c t i o n  o f  t h e s e  b a c t e r i a  d u r in g  i c e d  and  r e f r i g e r a t o r  
s t o r a g e .
Low-dose gamma r a d i a t i o n  o f  o y s t e r s  w i t h  C o b a l t - 6 0  re d u c e d  
m i c r o b i a l  a c t i v i t y  l e a d i n g  t o  th e  d e c o m p o s i t io n  o f  o y s t e r s  and  i t  
r e t a r d e d  th e  d e v e lo p m en t  o f  u n d e s i r a b l e  c h a n g e s .  I t  a l s o  a f f e c t e d  
th e  no rm al g ro w th  o f  t h e  o r g a n is m ,  com pared  t o  i t s  c o u n t e r p a r t  (non- 
i r r a d i a t e d  o r g a n i s m ) . A p p a r e n t ly ,  t h e  lo w -d o se  r a d i a t i o n  damaged o r  
a l t e r e d  t h e  b io c h e m ic a l  a c t i v i t y  o f  t h e s e  b a c t e r i a  w h ic h  s u r v i v e d  and 
g rew .
The f o l l o w i n g  amino a c id s  o f  o y s t e r  t i s s u e  w ere  s e p a r a t e d  w i t h  
p a p e r  ch ro m a to g ra p h y :  a l a n i n e ,  c y s t e i n e ,  t y r o s i n e ,  s e r i n e ,  l y s i n e ,
l e u c i n e ,  m e th io n in e  and p h e n y l a l a n i n e .  They w ere  a l s o  d e te r m in e d  
q u a n t i t a t i v e l y  w i t h  t h e  h e lp  o f  a  Beckman model 120C amino a c i d  
a n a l y z e r .  I n  t h e  q u a n t i t a t i v e  d e t e r m i n a t i o n ,  i s o l e u c i n e ,  g lu ta m ic  
a c i d ,  p r o l i n e ,  g l y c i n e ,  and  v a l i n e  w ere  f o u n d .  T hese  w ere  n o t  
s e p a r a t e d  b y  p a p e r  c h ro m a to g ra p h y .
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The amino a c i d  p r o d u c t i o n  p r o g r e s s i v e l y  i n c r e a s e d  d u r in g  th e  
i n c u b a t i o n  p e r i o d ,  and t h e  i n c r e a s e  was found  to  be  h i g h ly  s i g n i f i c a n t  
( P < 0 . 0 1 ) .  T h e re  was no e f f e c t  on t h e  amino a c i d  c o n c e n t r a t i o n  o f  
o y s t e r  t i s s u e ,  w h e th e r  i r r a d i a t e d  o r  n o n - i r r a d i a t e d .  H igher  c o n c en ­
t r a t i o n s  o f  amino a c id s  w ere found  i n  a l l  sam p les  i n o c u l a t e d  w i t h  th e  
i r r a d i a t e d  and n o n - i r r a d i a t e d  o rg an ism s  a s  com pared t o  th e  c o n t r o l .
The p r o d u c t io n  o f  c h o l i n e  and e th a n o la m in e  i n  o y s t e r s  i r r a d i a t e d  
a t  200 k r a d  was n o t  d i f f e r e n t  from  th e  n o n - i r r a d i a t e d  s a m p le s .  T here  
was a  s i g n i f i c a n t  e f f e c t  on t h e  o rg an ism s  a b i l i t y  i n  th e  p r o d u c t io n  o f  
t h e s e  compounds. The sam p les  i n o c u l a t e d  w i t h  i r r a d i a t e d  and non- 
i r r a d i a t e d  o rg an ism s  had h i g h e r  c h o l i n e  and e th a n o la m in e  c o n te n t  th a n  
t h e  c o n t r o l  ( P < 0 . 0 1 ) .  When th e  i r r a d i a t e d  and n o n - i r r a d i a t e d  
o rg an ism s  were com pared , a  h i g h  c o n t e n t  o f  t h e s e  compounds was found  
i n  t h e  n o n - i r r a d i a t e d  o rg a n ism  t r e a t m e n t s  ( P < 0 . 0 1 ) .  T h is  s u g g e s t s  
t h a t  i r r a d i a t i o n  has  a  d e v i t a l i z i n g  e f f e c t  on t h e  o rg an ism  and 
c o n t r o l s  th e  p r o d u c t i o n  o f  t h e  i n t e r m e d ia r y  p r o d u c t s  l e a d i n g  t o  t h e  
f o r m a t i o n  o f  t r i m e t h y l a m i n e .
The p y r id o x in e  c o n t e n t  o f  o y s t e r s  i r r a d i a t e d  a t  200 k r a d  was 
low com pared t o  t h e  n o n - i r r a d i a t e d  s a m p le s .  These  r e s u l t s  a r e  i n  
a g re e m e n t  w i t h  t h e  f i n d i n g s  o f  B arone ( 9 a ) . P y r id o x in e  c o n te n t  was 
fo u n d  t o  b e  c o n s i s t e n t l y  lo w e r  i n  a l l  sam p les  t r e a t e d  w i t h  th e  
o rg a n ism  a f t e r  5 ,  10 , 15 and 20 days o f  i n c u b a t i o n  th a n  i t  was a t  
z e r o  d a y s .  The p y r id o x in e  c o n t e n t  o f  t h e  o y s t e r  hom ogenates w hich  
w ere  i n o c u l a t e d  w i t h  i r r a d i a t e d  and  n o n - i r r a d i a t e d  o rg an ism s  were 
c o n s i s t e n t l y  low er  t h a n  th e  c o n t r o l  (no o r g a n i s m ) .  A s p e c i f i c  t e s t  
o f  h y p o t h e s i s  b e tw een  i r r a d i a t e d  and  n o n - i r r a d i a t e d  o rgan ism s  
i n d i c a t e d  t h a t  a  h ig h  c o n t e n t  o f  p y r id o x in e  was found  i n  t h e  sam ples
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when th e y  were i n o c u l a t e d  w i t h  t h e  i r r a d i a t e d  o r g a n is m .  T h is  s u g g e s t s  
t h a t  i r r a d i a t i o n  p ro d u ce d  a  m a l f u n c t io n  i n  t h e  i r r a d i a t e d  o r g a n i s m 's  
a b i l i t y  t o  u t i l i z e  p y r i d o x i n e .
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Summary o f  A n a ly s is  o f  V a r ia n c e  f o r  M e th io n in e  Found 
i n  th e  Amino A cid  D e te rm in a t io n  o f  O y s te r  Hom ogenate
S ou rce  o f  V a r i a t i o n D egrees o f  Freedom Mean S quare
T o ta l 29
O y s te rs 1 5 .0 5 1
O rganism 2 4 0 9 .4 1 9 * *
I n c u b a t io n  Time 4 339 .089
O y s te rs  x  O rganism 2 0 .2 1 2
O y s te rs  x  I n c u b a t io n  Time 4 0 .3 6 4
O rganism  x I n c u b a t io n  Time 8 5 4 .2 9 4 * *
O y s te rs  x  O rgan ism  x  Time 8 1 .7 9 1
S ig n i f i c a n t  a t  th e  0 .0 5  l e v e l  o f  p r o b a b i l i t y .
S ig n i f i c a n t  a t  th e  0 .0 1  l e v e l  o f  p r o b a b i l i t y .
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TABLE B
Summary o f A n a ly s is  o f V a r ia n c e  f o r  I s o l e u c in e  Found 
i n  th e  Amino A c id  D e te rm in a t io n  o f  O y s te r  Homogenate
S o u rce  o f  V a r ia t io n D egrees o f  Freedom Mean S quare
T o ta l 29
O y s te rs 1 0 .2 8 0
O rganism 2 321 .388
I n c u b a t io n  Time 4 150 .444**
O y s te rs  x  O rgan ism 2 0 .1 0 3
O y s te rs  x  I n c u b a t io n  Time 4 0 .7 7 0
O rganism  x I n c u b a t io n  Time 8 2 4 .4 2 0 * *
O y s te rs  x  O rganism  x Time 8 0 .3 0 6
S ig n i f i c a n t  a t  th e  0 .0 5  l e v e l  o f  p r o b a b i l i t y .
S ig n i f i c a n t  a t  th e  0 .0 1  l e v e l  o f  p r o b a b i l i t y .
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TABLE C
Summary o f  A n a ly s is  o f  V a r ia n c e  f o r  L e u c in e  Found 
i n  th e  Amino A cid  D e te rm in a t io n  o f  O y s te r  Homogenate
S ource  o f  V a r ia t io n D egrees  o f  Freedom Mean S quare
T o ta l 29
O y s te rs 1 0 .9 6 4
O rganism 2 1 9 .709**
I n c u b a t io n  Time 4 1 6 .1 6 4 * *
O y s te rs  x O rganism 2 0 .0 4 0
O y s te rs  x  I n c u b a t io n  Time 4 0 .3 3 5
O rganism  x I n c u b a t io n  Time 8 0 .5 1 9
O y s te rs  x  O rganism  x Time 8 0 .4 9 5
S ig n i f i c a n t  a t  th e  0 .0 5  l e v e l  o f  p r o b a b i l i t y .
S ig n i f i c a n t  a t  th e  0 .0 1  l e v e l  o f  p r o b a b i l i t y .
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TABLE D
Summary o f  A n a ly s is  o f  V a r ia n c e  f o r  T y ro s in e  Found 
i n  th e  Amino A cid  D e te rm in a t io n  o f  O y s te r  Homogenate
S ou rce  o f  V a i r a t io n D egrees  o f  Freedom Mean S quare
T o ta l 29
O y s te rs 1 1 8 .7 2 3
O rganism 2 368 .634**
I n c u b a t io n  Time 4 9 5 .9 3 3 *
O y s te rs  x  O rganism 2 2 3 .4 4 0
O y s te rs  x  I n c u b a t io n  Time 4 2 7 .4 6 0
O rgan ism  x I n c u b a t io n  Time 8 3 8 .9 0 4
O y s te rs  x  O rgan ism  x Time 8 2 1 .9 1 4
S i g n i f i c a n t  a t  th e  0 .0 5  l e v e l  o f  p r o b a b i l i t y .  
S i g n i f i c a n t  a t  th e  0 .0 1  l e v e l  o f  p r o b a b i l i t y .
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TABLE E
Summary o f  A n a ly s is  o f  V a r ia n c e  f o r  P h e n y la la n in e  
i n  th e  Amino A cid  D e te rm in a t io n  o f  O y s te r  Homogenate
S ou rce  o f  V a r i a t i o n D egrees  o f  Freedom Mean S quare
T o ta l 29
O y s te rs 1
O rganism 2 62 .467**
I n c u b a t io n  Time 4 27 .445**
O y s te rs  x  O rganism 2 0 .3 5 8
O y s te rs  x  I n c u b a t io n  Time 4 2 .3 3 9
O rganism  x  I n c u b a t io n  Time 8 5 .58 2 * *
O y s te rs  x  O rgan ism  x  Time 8 0 .7 3 2
* S ig n i f i c a n t  a t  th e  0 .0 5  l e v e l  o f  p r o b a b i l i t y .
S ig n i f i c a n t  a t  th e  0 .0 1  l e v e l  o f  p r o b a b i l i t y .
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TABLE F
Summary o f  A n a ly s is  o f  V a r ia n c e  f o r  G lu tam ic  A cid  
in  th e  Amino A c id  D e te rm in a t io n  o f  O y s te r  Homogenate
Source  o f  V a r i a t i o n D egrees o f  Freedom Mean S quare
T o ta l 29
O y s te rs 1 0 .1 8 2
O rganism 2 303 .982
I n c u b a t io n  Time 4 100 .789
O y s te rs  x O rgan ism 2 145 .5 1 7
O y s te rs  x I n c u b a t io n  Time 4 111 .435
O rganism  x  I n c u b a t io n  Time 8 66 .5 4 2
O y s te rs  x  O rgan ism  x Time 8 78 .2 7 0
^ S i g n i f i c a n t  a t  th e  0 .0 5  l e v e l  o f  p r o b a b i l i t y .  
S i g n i f i c a n t  a t  th e  0 .0 1  l e v e l  o f  p r o b a b i l i t y .
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TABLE G
Summary o f A n a ly s is  o f  V a r ia n c e  f o r  P r o l in e  Found 
i n  th e  Amino A cid  D e te rm in a t io n  o f  O y s te r  Homogenate
S ou rce  o f  V a r ia t io n D eg ress  o f  Freedom Mean S quare
T o ta l 29
O y s te rs 1 5 .4 5 2
O rganism 2 105 .055**
I n c u b a t io n  Time 4 4 1 .4 6 0
O y s te rs  x  O rganism 2 0 .7 0 1
O y s te rs  x  I n c u b a t io n  Time 4 7 .1 2 6
O rgan ism  x  I n c u b a t io n  Time 8 9 .3 7 4
O y s te rs  x  O rganism  x  Time 8 4 .1 0 1
* S i g n i f i c a n t  a t  th e  0 .0 5  l e v e l  o f  p r o b a b i l i t y .
S i g n i f i c a n t  a t  th e  0 .0 1  l e v e l  o f  p r o b a b i l i t y .
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TABLE H
Summary o f  A n a ly s is  o f  V a r ia n c e  f o r  G ly c in e  Found 
i n  th e  Amino A cid  D e te rm in a t io n  o f  O y s te r  Homogenate
S o u rce  o f  V a r i a t i o n D egrees o f  Freedom Mean S quare
T o ta l 29
O y s te rs 1 5 6 .2 1 7
O rganism 2 2106 .461**
In c  l ib a t io n  Time A 1432 .697**
O y s te rs  x  O rganism 2 161 .161
O y s te rs  x  I n c u b a t io n  Time 4 206 .6 5 4
O rgan ism  x  I n c u b a t io n  Time 8 282 .160*
O y s te rs  x  O rganism  x  Time 8 75 .357
* S ig n i f i c a n t  a t  th e  0 .0 5  l e v e l  o f  p r o b a b i l i t y .
S ig n i f i c a n t  a t  th e  0 .0 1  l e v e l  o f p r o b a b i l i t y .
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TABLE I
Summary o f  A n a ly s is  o f  V a r ia n c e  f o r  A la n in e  Found 
i n  th e  Amino A cid  D e te rm in a t io n  o f  O y s te r  Hom ogenate
S ource  o f  V a r ia t io n D egrees o f  Freedom Mean S quare
T o ta l 29
O y s te rs 1 2 .6 5 2
O rganism 2 1054 .935**
I n c u b a t io n  Time 4 4 8 6 .4 4 0 * *
O y s te rs  x  O rgan ism 2 0 .4 5 4
O y s te rs  x  I n c u b a t io n  Time 4 1 .0 5 5
O rganism  x  I n c u b a t io n  Time 8 73 .435**
O y s te rs  x  O rganism  x  Time 8 2 .8 0 2
* S i g n i f i c a n t  a t  th e  0 .0 5  l e v e l  o f p r o b a b i l i t y .
S i g n i f i c a n t  a t  th e  0 .0 1  l e v e l  o f  p r o b a b i l i t y .
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TABLE J
Summary o f A n a ly s is  o f  V a r ia n c e  f o r  V a lin e  Found 
i n  th e  Amino A cid  D e te rm in a t io n  o f  O y s te r  Homogenate
S ou rce  o f  V a r ia t io n D egrees o f  Freedom Mean Square
T o ta l 29
O y s te rs 1 0 .1 9 0
O rganism 2 567 .308**
I n c u b a t io n  tim e 4 522 .515**
O y s te rs  x  O rganism 2 1 .6 2 5
O y s te rs  x  I n c u b a t io n  Time 4 2 .1 2 5
O rganism  x  I n c u b a t io n  Time 8 5 1 .234**
O y s te rs  x  O rganism  x  Time 8 1 .3 3 6
* S i g n i f i c a n t  a t  th e  0 .0 5 l e v e l  o f  p r o b a b i l i t y .
* * S i g n i f i c a n t  a t  th e  0 .0 1 l e v e l  o f  p r o b a b i l i t y .
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TABLE K
Summary o f  A n a ly s is  o f  V a r ia n c e  f o r  S e r in e  Found 
i n  th e  Amino A c id  D e te rm in a t io n  o f O y s te r  Homogenate
S ou rce  o f  V a r i a t i o n D egrees  o f  Freedom Mean S quare
T o ta l 29
O y s te rs 1 0 .2 9 2
O rganism 2 34 .643**
I n c u b a t io n  Time 4 5 3 .750**
O y s te rs  x  O rgan ism 2 0 .0 1 4
O y s te r s  x  I n c u b a t io n  Time 4 0 .3 7 0
O rgan ism  x  I n c u b a t io n  Time 8 3 .80 7 * *
O y s te r s  x  O rgan ism  x  Time 8 0 .3 9 6
^ S i g n i f i c a n t  a t  th e  0 .0 5  l e v e l o f  p r o b a b i l i t y .
**
S i g n i f i c a n t  a t  th e  0 .0 1  l e v e l o f  p r o b a b i l i t y .
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TABLE L
The E f f e c t  o f  R a d ia t io n  on th e  P ro d u c tio n  o f
1 2C h o lin e  i n  O y s te rs  by Pseudomonas e r y t h r a  ’
C h o lin e (Mg./lOO gram s o f o y s te r s )
Days o f  in c u b a t io n
0 5 10 15 20
N o n - i r r a d ia te d  o y s te r s 0 .5 3 0 .9 2 0 .9 0 0 .9 4 0 .9 3
I r r a d i a t e d  o y s te r s 0 .5 3 0 ,9 0 0 .9 0 0 .9 3 0 .9 3
I r r a d i a t e d  o y s te r s  and 
I r r a d i a t e d  o rg an ism 0 .6 4 1 .0 8 2 .1 1 2 .9 3 2 .8 3
I r r a d i a t e d  o y s te r s  and
N o n - i r r a d ia te d  o rg an ism 0 .6 4 2 .6 4 3 .6 4 3 .6 8 3 .9 1
N o n - i r r a d ia te d  o y s te r s  and 
I r r a d i a t e d  o rg an ism 0 .5 7 1 .2 3 2 .1 7 2 .9 6 3 .0 8
N o n - i r r a d ia te d  o y s te r s  and 
N o n - i r r a d ia te d  o rg an ism 0 .6 4 2 .8 0 3 .6 5 3 .7 8 3 .8 0
I r r a d i a t e d  o y s te r s  and i r r a d i a t e d  o rg an ism  s u b je c te d  to  200 k r a d  o f  
C o b a l t- 6 0 .
I n d iv id u a l  o b s e r v a t io n s  from  th e  f i r s t  c h o l in e  e x p e r im e n t .
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TABLE M
The E f f e c t  o f  R a d ia t io n  on th e  P ro d u c tio n  o f
1 2C h o lin e  i n  O y s te rs  by  Pseudomonas e r y t h r a  ’
C h o lin e  (Mg ./1 0 0  gram s o f o y s te r s )
Days o f  in c u b a t io n
0 5 10 . 15 20
N o n - i r r a d ia te d  o y s te r s 0 .6 7 1 .1 0 0 .9 6 0 .9 6 1 .1 0
I r r a d i a t e d  o y s te r s 0 .5 8 1 .0 6 1 .2 0 1 .1 2 1 .12
I r r a d i a t e d  o y s te r s  and 
I r r a d i a t e d  o rg an ism 0 .6 9 1 .2 0 1 .9 1 2 .4 1 2 .6 8
I r r a d i a t e d  o y s te r s  and
N o n - i r r a d ia te d  o rg an ism 0 .6 8 1 .8 0 3 .1 2 3 .6 8 3 .8 1
N o n - i r r a d ia te d  o y s te r s  and 
I r r a d i a t e d  o rg an ism 0 .6 7 1 .4 1 2 .1 6 2 .6 2 2 .7 1
N o n - i r r a d ia te d  o y s te r s  and 
N o n - i r r a d ia te d  o rg an ism 0 .6 8 1 .9 3 3 .3 4 3 .7 8 3 .7 8
^ " I r ra d ia te d  o y s te r s  and i r r a d i a t e d  o rg a n ism  s u b je c te d  t o  200 k ra d  o f  
C o b a l t- 6 0 .
o
In d iv id u a l o b se r v a tio n s  from th e secon d  c h o l in e  ex p er im en t.
101
TABLE N
Summary o f  A n a ly s is  o f  V a r ia n c e  f o r  C h o lin e  
P ro d u c tio n  in  O y s te r  Homogenate
S o u rce  o f  V a r ia t io n D egrees o f 
Freedom
Mean Square F v a lu e
T o ta l 59
O y s te rs 1 0 .0 3 0 .7 1
O rganism
C o n tro l  v s  R a d ia t io n  & 




1 7 .6 0





In c u b a t io n  tim e 4. 7 .8 4 170 .43**
O y s te rs  x  O rgan ism 2 0 .0 2 0 .5 1
O y s te rs  x  I n c u b a t io n  tim e 4 0 .0 0 6 0 .1 3
O rgan ism  x I n c u b a t io n  tim e 8 1 .5 3 33 .26**
O y s te r  x  O rgan ism  x Time 8 0 .0 0 7 0 .1 6
O b s e r . /O y s te r  x  O rg a . x  Time 30 0 .0 4 6
S i g n i f i c a n t  a t  t h e  0 .0 5  l e v e l  o f  p r o b a b i l i t y •
S i g n i f i c a n t  a t  th e  0 .0 1  l e v e l o f  p r o b a b i l i t y •
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TABLE 0
The E f f e c t  o f  R a d ia t io n  on th e  E th a n o la m in e
1 2C o n te n t i n  O y s te rs  by  Pseudom onas e r y t h r a  *
E th a n o la m in e  (M g./lOO gram s o f o y s te r s )  
____________Days o f  in c u b a t io n _____________
0________ 5________ 10_______ 15_______ 20
N o n - i r r a d ia te d  o y s te r s 2 .3 6 3 .3 2 4 .0 6 4 .5 9 4 .6 0
I r r a d i a t e d  o y s te r s 2 .3 2 3 .2 3 3 .9 6 4 .3 2 4 .5 9
I r r a d i a t e d  o y s te r s  and 
I r r a d i a t e d  o rg an ism 2 .1 5 5 .9 6 9 .2 7 1 2 .8 9 13 .11
I r r a d i a t e d  o y s te r s  and
N o n - i r r a d ia te d  o rg an ism 2 .7 9 6 .6 9 1 1 .0 8 1 4 .9 8 1 5 .1 3
N o n - i r r a d ia te d  o y s te r s  and 
I r r a d i a t e d  o rg an ism 2 .0 8 5 .7 8 9 .6 3 1 3 .2 3 1 4 .1 1
N o n - i r r a d ia te d  o y s te r s  and 
N o n - i r r a d ia te d  o rg an ism 2 .7 2 6 .7 8 1 2 .0 1 1 5 .1 1 1 6 .0 1
^ I r r a d i a t e d  o y s te r s  and i r r a d i a t e d  o rg an ism  s u b je c te d  to  200 k ra d  o f  
C o b a l t - 6 0 .
2
In d iv id u a l o b se r v a tio n s  from the f i r s t  eth anolam ine exp er im en t.
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TABLE P
The E f f e c t  o f  R a d ia t io n  on th e  E th a n o la m in e
1 2C o n te n t i n  O y s te rs  by  Pseudomonas e r y t h r a  ’
E th a n o la m in e  (M g./lOO gram s of o y s te r s )
Days o f  in c u b a t io n
0 5 10 15 20
N o n - i r r a d ia te d  o y s te r s 2 .0 9 2 .9 6 4 .3 1 4 .6 3 4 .6 3
I r r a d i a t e d  o y s te r s 2 .1 6 3 .2 7 4 .2 3 4 .3 8 4 .6 3
I r r a d i a t e d  o y s te r s  and 
I r r a d i a t e d  o g ran ism 2 .3 8 5 .4 9 9 .4 2 1 3 .2 0 1 3 .2 3
I r r a d i a t e d  o y s te r s  and
N o n - i r r a d ia te d  o rg an ism 2 .7 8 6 .4 3 1 2 .3 6 1 4 .6 8 1 5 .2 6
N o n - i r r a d ia te d  o y s te r s  and 
I r r a d i a t e d  o rg an ism 2 .6 3 5 .9 1 9 .1 1 1 3 .6 9 1 3 .9 1
N o n - i r r a d ia te d  o y s t e r s  and 
N o n - i r r a d ia te d  o rg an ism 2 .6 9 6 .9 3 1 1 .9 6 15 .2 9 1 5 .6 8
1
I r r a d i a t e d  o y s te r s  and  i r r a d i a t e d  o rg an ism  s u b je c te d  to  200 k ra d  o f  
C o b a l t- 6 0 .
2
In d iv id u a l o b se r v a tio n s  from th e  secon d  eth anolam ine ex p er im en t.
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TABLE Q
Summary o f  A n a ly s is  o f  V a r ia n c e  f o r  E th a n o la m in e  
P ro d u c tio n  i n  O y s te r  Homogenate
S ou rce  o f  V a r i a t i o n D egrees o f  
Freedom
Mean S quare F v a lu e
T o ta l 59
O y s te rs 1 0 .0 7 1 .1 8
O rganism 2 241 .9 3 8 40 4 3 .6 2 * *
C o n tro l  v s  R a d ia t io n  &
N o n -R a d ia tio n 1 4 6 1 .0 3 0 1185 .00**
R a d ia t io n  v s  N o n -R ad i. 1 2 2 .8 4 0 587 .14**
I n c u b a t io n  tim e 4 172 .082 2885 .90**
O y s te rs  x  O rganism 2 0 .1 0 8 1 .8 1
O y s te rs  x  I n c u b a t io n  tim e 4 0 .1 2 1 2 .0 3
O rganism  x  I n c u b a t io n  tim e 8 24 .1 2 1
-t—».
4 0 4 .7 0
O y s te rs  x  O rganism  x Time 8 0 .0 3 8 0 .6 5
O b s e r . /O y s te r  x  O rg a . x  Time 30 0 .0 5 9
* S i g n i f i c a n t  a t  th e  0 .0 5  l e v e l  o f  p r o b a b i l i t y .
S i g n i f i c a n t  a t  th e  0 .0 1  l e v e l  o f  p r o b a b i l i t y .
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TABLE R
The E f f e c t  o f  R a d ia t io n  on th e  P y r id o x in e
1 2C o n te n t i n  O y s te rs  by  Pseudom onas e r y t h r a  ’
P y r id o x in e  (n g ./g ra m o f o y s te r s )
Days o f  in c u b a t io n
0 5 10 15 20
N o n - i r r a d ia te d  o y s te r s 1 .2 2 1 .2 3 1 .2 5 1 .2 5 1 .2 4
I r r a d i a t e d  o y s te r s 1 .0 9 1 .0 0 0 .9 7 0 .9 9 0 .9 8
I r r a d i a t e d  o y s te r s  and 
I r r a d i a t e d  o rg an ism 1 .1 6 1 .0 0 0 .9 9 0 .9 4 0 .9 1
I r r a d i a t e d  o y s te r s  and
N o n - i r r a d ia te d  o rg an ism 1 .0 0 0 .9 8 0 .9 4 0 .8 9 0 .8 1
N o n - i r r a d ia te d  o y s te r s  and 
I r r a d i a t e d  o rg an ism 1 .1 9 1 .0 6 1 .0 0 0 .9 8 0 .9 5
N o n - i r r a d ia te d  o y s t e r s  and 
N o n - i r r a d ia te d  o rg an ism 1 .0 8 0 .9 9 0 .9 4 0 .8 8 0 .8 5
I r r a d i a t e d  o y s te r s  and  i r r a d i a t e d  o rg an ism  s u b je c te d  t o  200 k ra d  o f  
C o b a l t- 6 0 .
2
In d iv id u a l o b se r v a tio n s  from the f i r s t  p y r id o x in e  ex p er im en t.
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TABLE S
The E f f e c t  o f  R a d ia t io n  on th e  P y r id o x in e
1 2C o n te n t i n  O y s te rs  by  Pseudomonas e r y t h r a  ’
P y r id o x in e (p g ./g ra m o f o y s te r s )
Days o f  in c u b a t io n
0 5 10 15 _ 20
N o n - i r r a d ia te d  o y s te r s 1 .2 7 1 .2 3 1 .2 5 1 .2 5 1 .2 4
I r r a d i a t e d  o y s te r s 1 .1 0 0 .9 7 0 .9 2 0 .8 6 0 .8 3
I r r a d i a t e d  o y s t e r s  and 
I r r a d i a t e d  o rg an ism 1 .1 0 0 .9 6 0 .8 9 0 .8 2 0 .7 9
I r r a d i a t e d  o y s te r s  and
N o n - i r r a d ia te d  o rg an ism 1 .0 0 0 .8 9 0 .8 0 0 .7 8 0 .7 2
N o n - i r r a d ia te d  o y s te r s  and 
I r r a d i a t e d  o rg an ism 1 .1 1 1 .0 1 1 .0 0 0 .9 8 0 .9 6
N o n - i r r a d ia te d  o y s te r s  and 
N o n - i r r a d ia te d  o rg an ism 1 .0 6 1 .0 2 0 .9 8 0 .8 4 0 .8 2
I r r a d i a t e d  o y s t e r s  and i r r a d i a t e d  o rg an ism  s u b je c te d  t o  200 k r a d  o f  
C o b a l t - 6 0 .
2
I n d iv id u a l  o b s e r v a t io n s  from  th e  se c o n d  p y r id o x in e  e x p e r im e n t .
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TABLE T
The E f f e c t  o f  R a d ia t io n  on th e  P y r id o x in e
1 2C o n te n t i n  O y s te rs  by  Pseudom onas e r y t h r a  ’
P y r id o x in e ( jig ./g ra m o f  o y s te r s )
Days o f  in c u b a t io n
0 5 10 15 20
N o n - i r r a d ia te d  o y s te r s 1 .2 1 1 .2 4 1 .2 0 1 .2 5 1 .2 5
I r r a d i a t e d  o y s te r s 1 .1 1 1 .0 0 0 .9 9 0 .9 8 0 .9 8
I r r a d i a t e d  o y s te r s  and 
I r r a d i a t e d  o rg an ism 1 .1 2 0 .9 8 0 .9 4 0 .9 3 0 .9 0
I r r a d i a t e d  o y s te r s  and
N o n - i r r a d ia te d  o rg a n ism 1 .0 1 0 .9 6 0 .9 1 0 .8 4 0 .8 2
N o n - i r r a d ia te d  o y s te r s  and 
I r r a d i a t e d  o rg a n ism 1 .1 8 1 .1 2 1 .0 0 0 .9 8 0 .9 5
N o n - i r r a d ia te d  o y s te r s  and 
N o n - i r r a d ia te d  o rg an ism 1 .0 5 0 .9 7 0 .9 5 0 .8 7 0 .8 5
I r r a d i a t e d  o y s te r s  and i r r a d i a t e d  o rg an ism  s u b je c te d  t o  200 k r a d  o f  
C o b a l t - 6 0 .
2
I n d iv id u a l o b se r v a tio n s  from  th e  th ir d  p y r id o x in e  exp er im en t.
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TABLE U
Summary o f  A n a ly s is  o f  V a r ia n c e  f o r  P y r id o x in e  
C o n te n t o f  O y s te r  Homogenate
S ource  o f  V a r ia t io n D egree o f  
Freedom
Mean Square F v a lu e
T o ta l
O y s te rs
59
1 0 .1 6 537 .93**
O rganism 2 0 .1 9 637 .93**
C o n tro l  v s  R a d ia t io n  & 
N o n -R a d ia tio n 1 0 .2 9 1020 .82**
R a d ia t io n  v s  N o n -R ad i. 1 0 .0 7 243 .76**
I n c u b a t io n  tim e 4 0 .0 5 161 .72**
O y s te rs  x  O rganism 2 0 .0 6 198 .62**
O y s te rs  x  I n c u b a t io n  tim e 4 0 .0009 3 .0 3
O rganism  x I n c u b a t io n  tim e 8 0 .0 0 7 25 .5 3 * *
O y s te rs  x  O rganism  x  Time 8 0 .002 7 .13**
O b s e r . /O y s te r  x  O rg a . x  Time 30 0 .00029
S i g n i f i c a n t  a t  th e  0 .0 5  l e v e l  o f p r o b a b i l i t y .  
S i g n i f i c a n t  a t  th e  0 .0 1  l e v e l  o f  p r o b a b i l i t y .
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